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YOU CAN 
CHECK IT 
FASTER 


with Precision Made 
Jones & Lamson 
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With these charts many Difficult Inspection 
Operations Become Routine Jobs. 











They are Invaluable Accessories that Add 
to the Economy and Versatility of the 
Comparator. 


Top Quality Materials, Expertly Proc- 
essed, assure Uniform Density of Lines 
and provide Maximum Contrast Between 
Outline And Image. 


Made To Precision Standards Of Accu- 
racy established during more than 30 Years 
Of Specialized Optical Experience. 





Write to Dept. 710 for your copy 
of our New Chart Catalog No. 471. 
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Checking 1.D. on Internal Compara- 
tor Attachment No. 952 separate 
plugs permit measuring holes up to 
2 inches 








Checking an inside mi- 
crometer to a high degree 
of accuracy with Gage 
Head Cartridge No. 953 


in fixture 





With this equipment, you can gage a variety of small 
precision parts on a mass production scale so fast and so 
accurately that costs drop. No special skill needed. Sav- 
ings over slower, more tedious methods quickly pay for 
this equipment. 

When used as a part of a Quality Control Program, 
this Brown & Sharpe Electronic Equipment offers even 
greater savings. It permits closer, faster coordination of 
inspection with production . .. making possible a sub- 
stantial reduction in rejects, wasted time and effort. 

This modern gaging equipment is designed and con- 
structed with characteristic Brown & Sharpe precision. 
For complete information on its unique features, write 
Brown & Sharpe Mfg. Co., Providence 1, R. 1, U.S. A, 


We urge ¢ 





This versatile electronic measuring 


- equipment PAYS ITS WAY IN MANY WAYS 


ing through the Distributor 








Checking O.D. with External Com- 
parator No. 951, and Amplifier No. 
950 mounted on Signal Light 
Attachment No. 958. 
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Checking gage size with Gage 
Head Cartridge. Complete free- “Og 
dom from differences in “touch” . 
of different operators. 





UNIQUE FEATURES 


® Separate amplifier isolates heat-producing elements. 


® True linear response permits accurate setting for 
entire scale with only 1 master block. 


® Single amplifier may be used to serve several test- 
ing instruments. 


® Normal line voltage fluctuations do not affect read- 
ings. 


® Simple turn of graduation selector provides accu- 
rate readings in any desired increment from .0001” 


to .00001”. 


® Simple, self-checking device on external comparator 
...no gage blocks needed. 








BROWN & SHARPE © 
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FOURTH NEW ENGLAND 
QC CONFERENCE 
Springfield, Mass., Nov. 3-4, 1950 


In keeping with the tradition of 
this area, the New England Sections 
are planning something new for 
their forthcoming Conference this 
fall 

4 different type of exhibit will be 
one of the attractions. It will feature 
the products of industry from this 
region with emphasis placed on their 
quality characteristics. Shown also 
will be the statistical or other quality 
control methods, tools or other tangi- 
ble things that brought about the de- 
sired customer quality in their prod- 
ucts 

Plant visitations are planned for 
Friday, November 3rd. 

The first technical session will be- 
gin at 2:15 P.M. on Friday and close 
at 3:45. Twin sessions are planned 
in two sets, the latter set to begin 
at 4:00 P.M. and close at 5:30. The 
subjects covered in three sessions 
will be mainly on technical theory, 
designed for engineers in almost any 
field or for those who are supervis- 
ing or planning to supervise quality 
control programs. Mr. L. A. Seder, 
of the Gillette Safety Razor Com- 
pany, will open the afternoon ses- 
sions with a half-hour talk on qual- 
ity control and wage incentives. 

A banquet, scheduled for 7:00 P.M 
Friday, will have for its highlight 
an outstanding New England indus- 
trialist for the main speaker 

A well-known Military Ordnance 
representative will be the speaker at 
the luncheon on Saturday 

During Saturday, three sessions 
will run concurrently in a series of 
four for the day. The two in the 
morning will be from 9:15 to 10:30 
and 10:45 to 12:00. The afternoon 
series will be held from 2:00 to 3:15 
and 3:30 to 4:45 

Dr. J. M. Juran, Professor and 
Chairman, Department of Adminis- 
trative Engineering, New York Uni- 
versity, will conduct four of the 
Saturday sessions. His subject will 
be “The Management Problems of 
Quality Control.” 

Dorian Shainin, Chief Inspector 
Hamilton Standard Division of 
United Aircraft Corporation, will 
conduct a like number of sessions 
on quality control principles 

For further information, write to 

H. L. Hamilton 
Hamilton Standard Div 
United Aircraft Corp 
East Hartford, Conn 
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pus subject is 


Applications of Statistics to 


Drug Manufacture 
ROLAND H. 


not intended to in- 
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Bristol 


TABLE 1 


NOEL and MARTIN A. BRUMBAUGH 


Laboratories 


thickness of 200 


the production 


Individual 


taken 


Data 


tablets from 


clude the statistical analysis of 

data pertaining to the sales, credits Measured Thickness of stream as presented in Table 1 

and collections, profits, etc. of a con- 200 Tablets From Production Stream Conclusion Figure 1-A_ shows 
cern manufacturing drugs. Rather two peaks in the distribution, where- 
the intention is to explain statistical Phickne as a distribution of tablets made on 
methods which can be employed in ee ag ee a single machine or on a battery of 
production areas to improve quality eares — are machines all identically adjusted 
of product and reduce cost of oper- ; hould produce a_ single humped 
ation. The distinction between office 23! 2 symmetrical distribution. Specifica- 
statistics and factory statistics is not 139 13 tions set up from this sample would 
sophistry; it rests upon a shift fron 240) 32 be unreal. Presumably these tablets 
the economic to the engineering 24] 29 were made on several machines not 
point of view: a shift from the time 242 18 set for the same weight, or on one 


machine which was adjusted during 


49 . 
Series atio rorecasting type ot 243 l 

, ' 9 ) , > = < ce 
analysis to the trequency distridu- 14 0) the time the ample was taken 


Discard the 


Recommendation 


tion i iOilit probability pe ) 

inalysis. This latter point of view 246 ae sample and plan for a new one free 

and type of analysis commonly car- 247 13 from the objectionable features of 
es the title: Industrial Statistics o 248 a this one 

Statistical Quality Control. How- 49 0 

ever, quality control somewhat col) CASE |: PART B 

confusing in the drug industry be 291 

cause the function periormea by the C06 U Data New sample of 200 tablets 

Control Department is ecnly_ in 23 Table 2, from the production stream 

dentally tatistical, being pring ipally 4 u after machines had been adjusted 

the responsibility for the official cD) . and synchronized 

status of all products whether or not Total 200 Conclusion: This distribution, Fig- 

they are subject to Food and Drug ure 1-B, appeared to be a fair de- 

Administration ipervisior Hence P > T : of , cription ol the variability of the 

ie urpose oO set up a manutactul 
Industrial Statistics is the preferred a iid machines, hence a specification was 
. ne specification 
name tor the p edures discussed In written from.these data. The ex 
tn papel Statistical Method Analysis of a pect d variability about the ave rage 
equency distribution. (10) of .242 inches i 004 inches, which 

Phe ( ) ti na I vould give expec ted limits of varia- 

drug manufacture can be explained gd pry gen Be a tion of .238 inches and .246 inche 

most readily by examples. The ex- 


’ ] . | - . } 
amples whicn [follow are applications 
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CASE I: PART A 238 .240 .242 244.246 .248 .250 .252 .254.256 


TABLET THICKNESS IN INCHES 


thickness Figure 1A—-Frequency Graph for Data of Table 1 
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TABLE 2 


Measured Thickness of 200 Tablets 
From Production Stream After 
Machines Had Been Adjusted 


Thix kness 
(‘gnaximum diameter 
in inches, measured 

to nearest 


thousandth ) Number of Tablet 

238 l 
239 10 
240 20 
241 53 
242 7] 
243 36 
244 7 
245 2 

Total 200 


; , _ 
I > - 
_ _ > 
> I . 
, , > 





+ + 
= oe 
| 

t ; 


} i i 
2M 240 242 244 246 246 
TABLET THICKNESS IN INCHES 


Figure 1B— Frequency Graph 


for Data of Table 2 


Adjust the machines 
to a thickness of .242 inches and 


Specification 


make no change as long as hourly 
samples of 5 tablets produce indi- 
vidual measurements between .238 
and .246 inches, and the averages of 
the 5 tablets remain in control. (A 
control chart is presented in Case 
II.) 
CASE Ul 


Subject Filling of isotonic solution 
in vials 

Purpose: To establish and main- 
tain control of the volume filled dur- 
ing a production run 

Statistical Method: Control charts 
for averages and ranges of sub- 
groups sampled from the production 
stream at regular intervals. (1) (2) 

Data: (As originally collected and 
analyzed.) Table 3 


Analysis: A control chart is a run- 
ning record of the level at which the 
material is being produced (in this 
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TABLE 3 
Record of Filling Isotonic Solution with Averages and Ranges Computed 


Lot No. 500 Machine: Automatic Label Fill: 30 cc 


Date: 5/12 47 1 Needle Fille Required Fill: 31 ce 
(Measurements accurate to %4 cc.) 

Needle #1 Samples of 3 x R Needle #3 Samples of 3 x R 
Ist hr 31.0 31.0 31.0 31.0 0 Ist hi 25 gio dio | oe 0) 
2nd hr. 31.0 31.0 31.25 31.1 25 2nd hr 315 315 315/315) .0 
3rd hi 31.0 31.0 31.0 31.0 0 3rd hi 15 31S Flo i dio 0 
tth hi 305 315 31.5 | 312/100 {th hi 115 315 315/315) 0 
Sth hi sL.S SiS Sho | one 0 5th hr 31.75 32.0 31.75 31.8 25 


Needle $2 Samples ot 3 xX R Needle #4 Samples of 3 xX R 


Ist hi 31.0 31.5 31.5 31.3 50 Ist hr 11.5 315 31.5 |31:5 0 
2nd hr. 31.0 31.0 31.0 31.0 0 2nd hi 31.75 31.75 31.75 31.8 0 
3rd hr 30.0 31.0 31.5 308 1.50 3rd hr 31.75 31.75 31.75 31.8 0 
ith hi 315 31D She!) ole 0 4th hr 31.75 31.75 31.75 31.8 0 
5th hi 31.0 31.0 31.0 31.0 0) 5th hr 31.75 31.75 31.75 31.8 0 
xX > X 627.8 31.39 R = R 3.50 175 
n 20) n 20) 


Control Limits for Averages Control Limits for Ranges 


Upper Control Limit D, R 
Lower Control Limit D. R 
where D. and D, are constants such 
that D.R to D,R will include prac- 


tically all of the chance variability of 


R where A 
A. R will include prac- 


X A 
such that 


Is a constant 


tically all of the chance variability of 


averages of three individuals 


31.39 (1.023) (.175) gives ranges of three individuals. 

- 2.574) (.175 5( 

Upper Control Limit 31.57 D, R (2.574) (.175) 490 
Lower Control Limit 31.21 D. R (0) (.175) 0 


Values of the constants A., D.. and D, are taken from Reference (1), page 39, 


or Reference (2), page 50 





320° , . ™ : . ° ™ + ™ . . . . , y + y + + 
a = = 
UCL® 31.57 
aoe a a = i hondoan }--+--4---+--}-- 3--4---p- - YEE Hat 
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Figure 2A— Control Charts for Data of Table 3 
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TABLE 4 


Sup-Groups of Four Across Needles With 
Averages and Ranges Computed 


Needle No 











9: 25 3 5] 4 1.5 31.25 ) 
10:15 3 51.5 31.25 31.5 31.3 ) 
11:30 3 31.25 31.5 31.5 31.31 ) 
1:10 31.25 5 31.5 31.75 31.3 79 
>: 00 31.25 } 31.5 31.5 31.31 5 
»- 50 3 30.5 31.5 31.75 31.19 1.25 
3: 50 2 } 31.5 1.5 S1.20 5 
9/14 
8:15 3 4 31.5 51.5 31.31 9 
9:05 30.5 31.5 31.25 31.75 31.25 20 
10:10 31.5 oL.4ae SL 31.75 31.50 2 
11:00 31.25 31.5 31.5 31.75 31.50 9 
12: 40 31.5 3 31.75 31.75 31.50 15 
2:05 31.5 s1 oe 31.5 31.50 1.00 
3:10 31 1 31.5 31.75 31.31 15 
X 31.34: R 683 
Control Limits for Averages Control Limits for Ranges 
xX A. R 31.34 (.729) (.683) D, R (2.282) (.683) 1.56 
Upper Control Limit 31.84 D. R (0) (.683) () 
Lower Control Limit 30.84 
case filled) with limits of chance the average of 20 such sub-groups 
variability indicated on the chart (31.39) is indicated on the chart 
In Figure 2-A, charts for averages The limits of chance variability ol 
of sub-groups and ranges of sub- these averages are also indicated 
groups are presented. Averages of the upper control limit at 31.57 and 
the fill of sub-groups of 3 vials filled the lower control limit at 31.21. If 
through the same discharge needle iny of the average points fall outside 
ire plotted yn the average chart and these limit lines, some change in the 
320 7 
me ee oe ee on a oo oe ee ee ee ee fj man SE 3!.84 
31.5 + » + + = + 4 
4 X= 3134 
> J - J - 
+ + : , + , > I 
. 
310 ; 5 , 
LCL = 30.84 
68'S 925 O15 130 110 200250350815 F705 OW 1100 1240 205 310 
MAY i3 MAY i4 
UCL=1.56 
1.50 i ; i I 
> 
1.00 + 
> + + R= 68- 
50 - ~ > + +> + + + + 
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Control Charts for Data of Table 4 


filling has occurred and 
should be 
(1) (2) 

The 


purpose in evaluating the variability 


operation 


investigated immediately 


range chart serves a similar 


within sub-groups. The range is the 


difference between the vgreatest and 


smallest values in the sub-group 
These twenty ranges are plotted and 
the «average range (R) and uppe! 
control limit are indicated on the 
chart. Here also, points out of con 
trol should be investigated 

Even a cursory glance di close 
something amiss in these two chart 
For the first needle, four points on 
the average chart and one point on 
the range chart are out of control 
For the second needle, three point 


chart and two on the 
Fo 
ome the 
ol Fo. 
the fourth needle, four points on the 


on the average 
range chart are out of control 
the third 
average chart is 


needle point on 


out control 


average chart are out of control 


An equally casual survey shows 
that the fill of these vials is fairly 
regular at about the proper level 


Usually at this point someone raise 
“What 
The 


Some 


the question good are con 


trol charts?’ answer lies in the 


exercise of engineering judg 


ment, otherwise known as common 
fault 
Three 


present 


There two 
reflected 
sources 
the data 
to hour: (b) variability fr 
to (c) 

vials filled at the 
the 


is measured by 


sense are 
these 
variability 


(a) 


Major 
in charts 


ol are in 


variability from hour 
m needle 
needle variability between 
ime through 
(c) 
the 


chart 


ame 
One of 


the 1 


same needle these 
ange chart 
other two are in the average 

evident that the needle 
The 
the 


40TO 


and it is 
filling at different level 
bility of 
needle is 
the 20 


ystem 1s set 


are 
Varla 


triplicate from are 


' 


ith iff OF 


{ hart 


he inp 
The 
o that 

ol 
this case the varia 
at the 
checked with the varia 
the 
the 


but 


mall 
control 


the 


ample 


up consist 


ency of two cause ariabilitv can 


ked. In 


between 


pe cher 
bility 
» can be 


bility ol 


needle ame 


replicate Irom 

the v ol 
a period of time 
of Fig 
check the 


from the 


aqnie 


pro 
the 


ariability 


ct Ove! 


control chart yur are al 


attempt lo variability Oo) 


triplicate are needle 


nst combined YVariabdilit 


variability between needle In 


replicate have mainly 
ity nence it | 


this val 


petween 


lability with the 


ariability needik am 


Nec ini combined Variabilit 


oOce ove i 











period o* time (11) 
The econd 
the fact that the time 


major tault lies wU 
Val iable 

within needles but not 
whole Shift of 


the variability between needles to the 


consecutive 


lor the process as a 


range chart will automatically cor- 
rect this fault 

The new system involved taking 
one vial from each needle hourly 
and computing tne average and 


range of this ub group ol tour, a 


indicated in Table } The control 
charts are presented in Figure 2-B 

Conclusion The proce I in cone 
trol during the two day run (average 
chart) The Variatior pnetwee! 
needles is in control inge chart) 

The variability and average ars 
con tent with the label fill The 


in finding the estimated 
variability of fill of 
by div 
by previous statistica vork The 


test consists 
ndividual Vial 


iaing R by a constant proviat ad 


ratio between the average of range 


of sub-groups of fixed size and th 
tandard deviation of the univers 
ol measurement from which the 
amples are drawn is a_ constant 
designated by the symbol de. Thu 
ao R ‘d., or .683 /2.059 33. Buta 


from the average 
all of the chance 


ariability of indiv dual (1) ini 


spread of 30 


will inn lude neal ly 


nov that practically 
all of these vial hould be filled 


within a range of 1 ec 


computation 


on either side 


of the average, i.e., in the range 30.34 
to 32.34 ce 


Maintain these 


control charts on future 


Recommendations 
production 
lots by use of the same averages and 
limits computed for this initial run 
As long as no points fall outside of 
the control limit the fill will be 
atistactor’y 
If more 
be filled on thi 
filling head 


expensive mater! al } i 
filling machine, the 
can he adju ted so as to 
reduce the variability of the range 
chart and thus permit an overfill les 
thar ths, of the label fill 1. 
31.34. 30 1.044 


CASE Ill 


Subject Assay ol 
from penicillin fermenters 


To determine 


sterile broth 
Purpose whether: 
certain type ol filtration will cause 
a significant change in the unit p 
ml. as measured by the assay 
Statistical Method Test ot Sig 


nificance of the difference ~ betwee! 
“uSSays ol samples dentically pre 
pared except for one filtration step 


(4) (5) (7) (8) (10) 


10 


7 


TABLE 5 


Record of ou mil. of Broth Samples From 22 Penicillin Fermenters With and 
Without Filtration, With Computations for Testing the Significance 
of Differences by the Two Filiration Methods 


(Data Coded by Introducing a Constant Multiplier) 


xX X 
Without (X, - Xz) (X, - X.) 
Filtration D D- 


917 936 19 361 
609 705 96 9216 
758 705 23 2809 
675 718 13 1849 
538 620 82 6724 
626 594 +122 14884 
776 666 110 12100 
740 693 + 47 2209 
92% 625 97 9409 
835 808 + 27 729 
646 673 27 729 
633 661 28 784 
760 776 16 256 
380 396 16 256 
574 562 Y Be 144 
655 768 113 12769 
736 855 119 14161 
707 665 42 1764 
616 654 338 1444 
614 583 ra 961 
757 695 62 3844 
682 708 26 676 
710 98078 

506 

22) 204 

D 93 


t 0) D 9.3 9.3 65 





\ (1 l) n \ 


(21) (22) 


Data: Assay 


lermentet! as shown 


values of broths from 65. would 


in Table 5 


Analysis: The differences between 


(10) Hence a small value 
occur very frequently by chance 


”) 


Conclusion: In making the “t” 


pairs of assays on the same broth test, the 


initial hypothesis is set up 


hould be randomly distributed with that the two sets of samples are from 


average zero for a large number of the same universe, i.e., that the fil- 
amples, if the filtration has no effect tration does not affect the assay re- 
The result is an average difference sult. If the t value is one that is 


of -—9.3 for 22 samples. Is this dif- likely to occur as a result of vari- 
I 


ference evidence that the assays are ations due to small sample size, then 


higher without filtration or might there is no reason to reject the hypo- 
the value, -—9.3, occur rather fre- thesis; the element which is different 
quently as a chance variation from in the two sets of samples is pre- 
th expec ted zero with 22 samples? sumed to have no effect. If, on the 


This question is answered by carry- other hand, the value of t obtained 


ng out the “t” test outlined at the is one 
Table 5 A value ot t as 


large as 2.08 


which would occur infre- 


hottom ol 


quently as a chance sampling vari- 
ation, the 


vould occur once in hypothesis ot common 


twenty uch analyse i 22 


chance. (4) (5) (7) (8) 


samples orig 


gin is rejecte d and the element of 


difference Is pre umed © have al 
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variability introduced into the assay 
results through lack of precision in 


TABLE 6 


Fermenters Harvested That Were Contaminated 


’ . . e the analytical technique 
and Not Contaminated by Technicians and Operators 


Statistical Method 


variance employed with a design in 


Analysis ol 


Number of Tanks Harvested 
For Which Samples Were 


Sample Ss 
Taken 


a volving three independent factors 
Total 


with duplicate determinations (4) 


by Contaminated Not Contaminated (5) (6) (8) (10) 

Technicians 17 (27) 157 (147) 174 (174) Data: The variables were: (a) four 
. P aan jibes ba analysts (b) two successive days 
Operators 96 \ ii) 240 (200) 296 (296) (c) ‘two inde ¢ ndent Sam ples 1.4 

I | 
Total 73 (73) 397 (397) 170) (470) material at two different potencies 
The material was prepared as fol 
Computation of 7° lows: (see Table 7). Sample 1 wa 
(26.5—17.0)- 26.5 3.41 divided into 16 aliquots Each of 
(56.0—46.5)- 46.5 1.94 these was given a different serial o1 
(157.0—147.5)-/147.5 0.61 code number and 8 of the coded sub 
(249.5—240.0)- 249.5 0.36 samples were refrigerated for Day 
39 The other 8 were submitted at 


For P 02, ¥ 3.41; 
effect. In this case, the hypothesis 
is accepted and filtration is presumed 
to have a negligible effect. (4) (5) 
(7) (8) (10) 

Recommendation Eliminate the 
filtration step which increased the 
cost of the assay, increased the 
preparation time of the broth, but 
produced no significant change in 


the resulting assay value 
CASE IV 


Subject: Contamination of samples 
from penicillin fermenters 

Purpose: To determine whethe: 
trained technicians can take samples 
with lower contamination rates than 
operators 

Statistical Method 


2 x 2 contingency table using the 7 


Analysis of a 


test for significance of differences in 
Irequency olf occurrence o! c 
nated samples. (4) (7) (8) (10) 

Data 
fermenters harvested during a per- 


iod 


the number of samples presumed to 


ntami- 
Record of the number of 


— more than two months and 


be contaminated because of extreme 


Variation between in-process and 
harvest assay results The data ap- 
pear in Table 6 

Anaylsis: The first step is to find 
what the frequencies in each of the 
four cells of the Table would be if 
contamination were unrelated to 

These are 


dividing the product of the respec- 


sample1 obtained by 
tive column and row totals by the 
total of the Table, e.g., 27 = (73x174) 
470. All of the independence values 
appear in the Table with parel 


Howeve I 


, 
ing correction ol 2 unit which mus 


theses there is a group- 


be introduced so as to decrease by 


independence rrequenctk 


unit all 
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y 6.64 
exceed th corresponding 


actual Trequencies and to increase by 


vhich are less than the correspond 
ing actuai Ilrequencies 

Chi-square is 
lowe! part ol the Table by squaring 
the individual differences between 
the actual and independence fre- 
quencies and dividing by the corre 
sponding independence’ frequen 
The sum of these quotients Is the 
value of Chi-square The larger thi 
value, the smaller the chance that 
the difffferences between actual and 
independence frequencie are ran- 
dom sampling variation 

Conclusion: In this case the value 
6.32, would occur less than twice in 
one hundred trials due to sampling 
variation alone. (4) (7) (8) (10) The 


hypothesis ol chance occurrence 


should be rejected The t nnician 


have a lowe! ample cont ninat 
als 

Recommendation ] vould ee! 
that all samples should be taken by 
t nnician Actually a preliminary 
tep wa taken These data were 
reported to both tecrnician ana 
Opt ito! with a reque t lo ae 


anothe month tne 


provement In 


| 


adillerence nad disappeared and Dy 


continuing to report data for anothe) 


tnres montns tne coni 


; 


rate of both groups Nad dropped { 


le thar ome percent The record 


being maintained currently 


CASE V 


ly unit all independence frequencies 


computed in the 


different times during Day 1, two 
each to Analysts A, B, C, and D 
Thus Analyst A found these two 
sample to have potencies of 1053 
and 1053, but Analyst B found his 
two to have potencies of 1233 and 
1217, and so on. The sub-sample ol 
Sample 2 were prepared and dis 
Analyst A tol 
example found the 
Sample 2 to be 1305 and 1336 on the 
first day, and 1415 and 1415 on the 


tl ibuted similarly 


potency ol 


second day 
The experiment ji et up so that 
in comparing Analysts, eight inde 


pendent observations are available 
from which to judge the 


each Analyst Likewise 16 inde 


observation lol each 


work of 


pe ndent 
Sample are available from which to 
whether the 


judge poten ic ol the 


iwo samples were alike or different 
Also, 16 independent 
for each Day are 
hich to judge whethe: 
tion for 24 hours affected the p 
tency Finally two 


are available Ith Cat h 0 


ob ervation 
available from 


retrigera 


independent 


ovservation 


fur blocks from which to judge the 
reproducibility 7 result by the 
Analysts without regard to the Day 
I Day « Sample-to Sample Varia 
Dilit 
Analy i The expe riment 1 ce 
ned lo! tne u f ol analy ol 


Variance technique The procedur 
determi 


nation of the variability attributable 


to each of the three ariable 
locate Cpa ately any existing in 
Le relation amonys tre iriable 
and will separate the iriability due 
I a ipl call Irom that due to tir 
ndependent Val able 

The arithmeti required 1 iCCcorn 
mn these objective j well tan 
laraized and eadily ilable (4) 
The f t tep t prepare three 








TABLE 7—Analysis of Variance: Three Factors with Replication (all data coded) 
Analyst A Analyst B Analyst C Analyst D 
Sample 1 Sample 2 Sample 1 Sample 2 Sample 1 Sample 2 Sample 1 Sample 2 
Day 1 Day2\Day1 Day2 Dayl Day2 Day1 Day2 Day1 Day2 Day1 Day2 Day1l Day2 Dayl Day 2 


1053. «1195S: 1305 1415 1233 944 «1417 349 1157 +1163 «41474 «1163 «1248 1209) 1311 1319 
1053 «1258 1336 1415 1217 1142 1356 «61158 1062 1138 = 1348 834 1147 1099. «13581311 


Summary of Variance 


Source Sums of Squares D. of F Mean Squares Remarks 
Analyst 38305 5 12768 
Sample 203363 ] 203365 
Days 28981 ] 28981 
Interactions 
A x § 25374 3 8458 
A D 127534 } $2511 
> Ss = 26392 ] 26392 
Axs&s DBD $1049 3 27016 
Residual 121466 16 O92 
Total 652464 31 
Significant at 5 probability level 
2-variable tables The table for (2) (3), i.e., 48255197 residual. The total number of de- 
Analysts and Samples is obtained by 17988155 18026460 18191518 grees of freedom is one less than the 
umming for Days and Duplicate 25374 number of entries in the original 
and would appear as follows The remaining entries in the Sum- table 
The interpretation of results is 
Analyst A| Analyst Bs Analyst C Analyst D Total made from the Mean Squares 
Sample 1 1559 1536 1520 “7703 18318 column. The reading of the column 
Sample 2 547] 5280) 1819 5999 20869 is from the bottom toward the top 
= The residual mean square, 7592, is 
Total 10030 9816 9339 10002 39187 the variance found in the duplicates 
by the same Analyst, of the same 
Four sets of sums of squares are mary of Variance Table are obtained Sample, on the same Day. In other 
computed from this table in similar fashion from the othe words, this is a measure of the re- 
1. Square the individual entries two 2-way tables and from the 3- producibility of these analysts. If 
um, and divide by the number of way table. (4) no other mean square exceeded this 
original potencies present in each The column headed Degrees of one, it would be proper to conclude 
entry Freedom in the Summary of Vari- that the residual expressed the only 
(4559 5471 ince Table contains the figures by source of variability present. If 
52992) /4 18255197 which the Sums of Squares are di- other mean squares do exceed the 
Square the column totals, sum vided to obtain the Mean Squares residual mean square, the question 
and divide by the number of There are four Analysts in the de- that must be investigated is whethe: 
original potencies represented sign, hence one less than that, o1 the excess is an amount which might 
(10030 LO002-) /8 three degrees of freedom, for be expected to occur frequently 
18026460 analysts. There are two samples and merely as a result of sampling vari- 
}. Square the row total sum, and two Days, hence there is one degree ability, or whether it is sufficiently 
divide by the number of original of freedom for each variable The large to warrant rejection f the 
potencies represented concept ol degrees of freedom is ex- hypothesis of chance causatien in 
(18318 20869" ) /16 plained in references (7) (8) and favor of a conclusion that a 1- 
18191518 (10). The number of degrees of ditional cause of variability is 
1. Square the grand total, and divide freedom for each first order inter- present. In comparing the second 
by the total number of original action is the product of the degrees order interaction mean square with 
potencies of freedom of the main effects in- the residual mean square a judgment 
39187? /32 17988155 volved. The number of degrees of of this sort must be made. The argu- 
The “sum of squares” for Analysts in freedom of the second order inter- ment follows these lines: make the 
the Summary of Variance Table action, A x S x D, is the product of initial hypothesis that 27016 differs 
(Table 7) is obtained by subtract- the degrees of freedom of the three Irom 7592 merely because of 
ing (4) from (2), i.e., 48026460 main effects. Since there are two sampling variability Information 
17988155 38305 potencies in each block of the orig- concerning the hypothesis is ob- 
For samples it is (3) (4), Le. inal table, one degree of freedom is tained by using the F-Test. This 
18191518 417988155 203363 assigned to each block so that there consists in dividing the interaction 
The A x S interaction is (1) (4) are 16 degrees of freedom for the mean square by the residual meat 
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TABLE 8 


Analysis of Variance by 





Analysts: 


Two Factors with Replication 


Analyst A 
| Sums of D 
Source Squares F 
Samples 103968 l 
Days 35911 l 
Interaction 
>- & 3121 ] 
Residual 2465 j 


Total 145465 7 


Analyst B 


Sums of |D 
Source Squares | F 


Samples 69192 ] 
Days 419612 j 


Interaction 


S x D 1201 l 
Residual 39831 j 


Total 159836 7 


Analyst C 


Sums of |D 


Source Squares F 
Samples 11175 ] 
Days 69006 ] 


5S x D 102332 ] 
Residual 66883 } 
Total 24AIR9IG 7 


Analyst D 
Sums of D 
Soures Square F 
Samples 4402 
Day S 1985 l 
Interaction 


S x D 288 l 


Residual 12287 1 
Total 58962 7 
Signific int il ) 
le el 


] 
l¢ Cl 
= neo 1 
jUse f ad co li 
tables (4) (5) (7) (8) 
the F it ‘ liceave 
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( 


) 


; 
i 


I 


probabil 


p! 


Mean 
Squares 


103968* * 
35911* * 


3121 
616 


Squares 
Mean 


69192" 
49612 


1201 
9958 


Me an 
Squa Cc 


11175 
69006 


102832 
16721 


238 


3072 


? 


obabil ty 


TABLE 9—Precision of Analysts 


Item Analyst A Analyst B Analyst C Analyst D 


0 616 9958 16721 3072 
0 24.8 99.8 129.7 55.4 
2.780 68.9 277.4 360.6 154.0 
68.9 277.4 360.6 154.0 

telative ry a — — 

wnaieliiite 1254 1227 1167 1250 

5.5 22.6: 30.9°; 12.3 

probability the computed ratio A, but in general his work is the 
would occur as a chance event in best of the fou The interaction 
dealing with small samples. The sta term is negligible, the day-to-day 
in the Remarks column is the usual variability is small and the difference 
notation to indicate that a ratio of in potency of the two samples is 
3.56 would occur less than once in evident 
twenty trials as a chance event. The The cause of the second order in 
initial hypothesis is therefore re- teraction is apparent. The A x §S in- 
jected because it appears to be more teraction arose primarily because 
rational to assume that for some Analyst C could not detect the dif 
reason one or more of the Analysts ference in potency of the samples 
have not acted like the others in whereas the others could. The A 
handling the two Samples and that and D interaction arose becaust 
the same is true of their analyses on Analyst A found a day-to-day dif 
the two Days. In the usual termi- ference, whereas Analyst D did not 
nology, there is a significant second These combinations would produce 
ordet interaction in the problem a second order interaction. but thers 
Until this interaction has been in is additional reason for it in the in 
vestigated there is no point in at- discriminately erratic work of 
tempting to evaluate the remaining Analysts B and C 


mean squares in the table 
The crux of the whole matter lic 


The purpose ol the investigation in reducing the variability of dupli 
is to catalog the variability of the cates, the residual mean square of 
inalysts, hence the proper method the individual Analysts. As a ba 
if discovering the cause of the inter- for action Table 9 wa prepared. It 
ction is to carry out a 2-variabl shows for each Analyst the residual 
ariance analysis for each analyst variance taken from Table 8, the 
separately. The results of computa- standard deviation which is_ the 
tions similar to those already shown quare root of the variance, the 95 
are set forth in Table 8. For Analyst confidence interval ol the band 
A the F-Test shows that the S x D within which 95° of each Analyst 
nteraction was not significant but results could be expected to fall if 
the day-to-day main effect was sig- a large number of assays were pe! 
nificant at the 1° probability level formed on the same day on material 
and the sample-to-sample main of the potency of these samples, and 
effect vas significant at the 1% the relative variability of each 
probability level. This means that Analyst. The figure 2.78 is taken 
Analyst A found the potencies of the from the “t” Table for four degree 
two samples to be different, but it of freedom. (4) (5) (7) (8) (10) 

o means that he found a difference 
n potency of the samples from day Conclusion: The experiment shows 
to day. Analyst B's results are ques- that Analyst A is making some error 
tionable because of the very larg n technique from day to day 
alue of the residual mean squares Analysts B and C are doing poor 
but he did find a significant diffe: vork Their case require investi 
ence in potency of the two sampl gation. Analyst D i quite capable of 

tne 5 prqpability level The doing thi work, but appears to be 
residual mean square for Analyst C carele 

o large that he cannot detect any Recommendation That Analyst 

gnificant difference in his sample A’s work be investigated by a super 
Analyst D does not have prec ion ol Vi r to discover the cause of the 
duplicates equal to that of Analyst day-to-day variation (the error wa 
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quickly found to be in the use of the 
that Analysts 
t and C be removed from this work 


standard test solution) 


until they have been completely re- 


Analyst D be 


his ability in periorming 


trained that com- 
mended for 
the test, but that his carelessness be 
pointed out; that the test bs repeated 
afte tre priot recommendatior 


have been carried out: and that con 


trol chart be introduced to give 
each Analyst a running record of the 
precision f his work 


SUMMARY 


These five cases have been selec 


ted solely tor the purpose ol demon- 


trating the broad cope ot 
manulacturing proble m n the drug 
industry to which statistical me thod 
can be applied. The examples ars 
not in themselve important al 


though considerabl« improvement in 


operation has re ilted fron ini 
statistical work 

There is scarcely any limit to the 
scope of problem to which the 
tatistical method applicable 


Work ha sampling ol 


Incoming 
the Control 


been done in 


material ampling for 


de Sign 


Department 
in Research and De 


experiments 


velopment, the use of sequential 
analysi in per cillir train vork 
and the routings control ol proce ‘ 
and products 

Core characteristic t tatic tical 


Statistical 


work in the drug industry should be 
There are 


many sources o! 


mentioned usually so 


variability involved 


in any problem that the more ele- 


mentary techniques, ordinarily ap- 


plicable in mechanical industries 


are inadequate For that reason, 
ome basic statistical knowledge is 
appli- 


indispensable to successful 


cation of these techniques in drug 


manutacturing This circumstance 
need not be a deterrent. because the 
equlis te knowledge is readily avail- 


able from a number of sources 
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PURPOSE 

There have been many attempts to 
define briefly the phrase quality 
control by statistical methods.” Most 
brief definitions do not indicate much 
than the 


itself, and as the literature on the 


more information phras« 


industrial applications of statistical 


methodology becomes more volu- 


minous, it is increasingly apparent 


that a definition that will be broad 


enough to include the entire area of 


14 


application and at the same time 


pecific enough to give adequate 
neaning, has little chance of eve 
being written 

The absence of an adequate defini- 
tion fora subject however, does not 
preclude a description of some of its 


salient features and a discussion of 


what it can and has accomplished 
Presented 4 D.M.A Productior and 

gines Sectior November ; 1949 
( yr 


when applied to industrial problems 
Therefore, the purpose of this paper 
is to present some basic concepts of 
statistical quality control and to 
enumerate some of the things that 
can be expected from it when it is 
applied in the right proportion with 
other technology to some of the prob- 
lems of the pharmaceutical indus- 
try, and to give illustrative examples 


as space permits 
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SQC AND PHARMACEUTICAL 
PRACTICE 

The fundamenta! concept of statis- 
tical quality control and the funda- 
mental concept, “good pharmaceuti- 
cal practice,” are one and the same 
thing. It is the basic idea of build- 
ing quality into a product by main- 
taining a rigid set of manufacturing 
controls on every step o! the produce - 
tion process. Our industry has de- 
veloped this idea by employing 
manutacturing control systems that 
by and large, are far more compre- 
hensive than the systems utilized by 
most other industries. In fact, the 
basic philosophy of statistical quality 
control is so like that of pharmaceu- 
tical quality control that it is sur- 
prising that our industry was not 
the first to adopt it 

To build quality into a product 
may well be the sincere desire of 
every worker in the plant but how to 
accomplish this economically is still 
another matter. It must be obvious 
that one of the necessary tools for 
accomplishing this feat is one which 
will provide a factual basis for evalu- 
ating a produc tion process and which 
will enable specifications to be set in 
a scientific manner. Statistical qual- 
ity control is a tool which meet 
these requirements. It does so by 
applying the relatively simple mathe- 
matics of nature to problems in 
which there is a strong tendency 
toward arbitrary decisions and thus 
it eliminates the errors arising from 
guess work 

Statistical quality control recog- 
nizes one principle that is at times 
difficult for the pharmaceutical 
manufacturer to digest. This is the 
principle of variation. Statistical 
quality control accepts the fact that 
no two manufactured products are 
exactly alike regardless of the re- 
finements made in the production 
process It also recognizes that tnere 
is usually a large number of causes 
which contribute to the total varia- 
tion between individual units of the 
same product, but unlike other meth- 
ods, it provides factual evidence 
which will discriminate between 


those variations that can be identi- 


fied with an assignable cause and 
those which are naturally nhnerent 
in the specific proce In addition 
the fundamental tecnniqus or tne 
method are practical enough to be 
applied routinely by operating pe: 
sonnel without any excessive addi- 
tional supervisior 

The CO mor pract ce ! etting 
quality evels mn tne phar naceutical 
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industry seems to follow a pattern ol 
establishing, as a minimum, the 
standards of the official compendia 
and then adding a certain “plus 
value’ which represents the quality 
standards of the individual manage- 
ment. There is nothing wrong with 
such a practice but it should be 
pointed out that the administration 
11S policy is beset with pitfalls 
which must be avoided if the enter- 
prise is to be successful There 
always the danger of allowing such 
a practice to give birth to non- 
competitive quality standards. This 
can happen in one of two ways 
both of which produce’ equally 
serious consequences. First, quality 
levels can be raised to heights 
that will quickly destroy the com 
petitive cost structure Secondly 
they can be lowered to levels that 
will involve the produce} In exces 
ve risks from both the market and 
legal standpoint Clearly then, some 
middle of the road policy must be 
adopted and this is no easy task fo! 
the road is, most generally, a narrow 
one and expert driving will be re 


quired 
HOW SQC CAN HELP 

What can statistical quality control 
do to help solve this problem? B« 
fore this question | inswered, it 
should be empha ized that the 
method has been referred to else 
where in this paper as only a tool and 
it should be understood that it is not 
i panacea for all of the problems of 
the industry Nevertheles some ol 
the things we can expect of it in 
he lpi g to solve the proble m at nand 


can be enumerated 


First of all, we can « xpect it use 
to effect economies in the use of rav 
material by providing a basis for 
more realistic pecification ior pu 
chased good and bette cientiln 
ampling methods lol Incomil 
material Economie in raw mate 
il are also indirectly effected 


through a more efficient itiization 


itnema i ‘ uit of proce control 
Secondly, it can be expected that 
economle mn tne ise of both mar 
ana machine powe! Will be realized 
Th ] j ially accomy ned b al 
ncrease in output pe man-nou ind 
‘ nacnine nou Vic tne net 
lt ol jutting mal! pow lo ( r 
mtne estigation ol itior Lnat 
are identified with e assignabl 
( 1S¢ atne! tna! Vvastil may: 
power In a gue ng game on where 
the trouble m: ne It also sten 
iro a educt mn the nuinnbe I 
eoper wior equired 





Third, statistical quality control 


can be expec ted to reduce inspection 
costs. This is accomplished by sub 
stituting process inspection for prod- 
uct inspection and utilizing scientific 
sampling plans for check inspection 
of the final product 

Fourth, in process control by thi 
method can be expected to reduc 
the production of rejects 

Fifth, the acceptance ol this 
method of in-process control im 
proves the relationship between the 
production and control groups be 
cause the method provides objective 
records which supplant subjective 
opinions 

Sixth, the control de partment ha 
a charted record, which carefully 
read, provides a quick history of the 
progress of a particular lot through 
the production process In case ol 
any doubtful results in the official 
test appeal to the chart allows the 
control department to evaluate the 
‘riousness of such results and make 
decision concerning the lot which 
are more meaningful than the usual 
arbitrary rejection or acceptance 
Production quickly learns that the 
chart is its best friend and not an ad 
ditional club of the control depart 
ment 

Finally, management can be a 
ured of an improved quality level 
and a more homogeneous product 
produced at lower cost Also, the 
method will provide management 
with discriminating information con 
cerning quality levels which the: 


nerwise eldom get 


SETTING REALISTIC 
SPECIFICATIONS BY 
STATISTICAL ANALYSIS 
So much for the point of view and 
a broad outline of the feature of 
tatistical quality control At thi 
point, let u hift from the general to 
the particular by considering in some 
detail an application of these princi 

ples to a manufacturing proce 


Consider the problem of control 


ling the filling ol a relatively viscou 
njectable uspensior in multiple 
dose containe! The pecification 
read that ten eparats Ll cx njyect 
on hall be available from a ter 
aose al The overall problem 


imply how much must be put into 


tne ial to meet Ul pecification It 
na already been intimated that 
there are those who would recom 


mend putting in an adequate amount 


Thi ] nignly laudable but not 
feasible inder today condition of 
mpetitior The propel procedure 
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is to find the right amount to fill int: 
these vial 
The first 


sources of variability in both the 


tep is to catalog the 


filling and the testing. In this case 
they are 

1) The residual amount of ma- 
and the 
variability between syringes 


terial in the syrings 


yringe holdup 

2) The residual amount of materi- 
al which cannot be withdrawn 
from the vial and the variability 
in this amount from vial to vial 

vial holdup 

3) The specific gravity of the sus- 
pension and its variability from 
lot to lot 

41) The variability of the 


equipment 


filling 
The average value for each of 
these contributing sources of varia- 
bility and a measure of the disper- 
ion about it can be easily and quick- 
ly obtained. This is done by making 
several measurements (preferably 2) 
or more) of the syringe holdup, vial 
holdup, etc. and calculating the aver- 
age value for each. The measure of 
dispersion is obtained by calculating 
the standard deviation (o') which is 
viven by 


SA-—(SA)*/N 
\ N-1 


where X is equal to an individual 
measurement, a denotes summation 
and N is 


measurements in the series. The 


equal to the number of 


square of this value is known as the 
Variance 
The averages and standard devi- 


ations are shown in Table I 


The variability in specific gravity 
from lot to lot was small and well 
within the variability associated with 
several determinations on the same 
lot of material and, therefore, its 
Hav- 
ing these values available, it is now 
possible to calculate what the filling 
figure should be. It was desired that 


contribution was insignificant 


this be in terms of weight, and thus 
the filling figure is derived from the 
following formula 


(10.0) (0.150) 


(10.0) (1.007) + 0.506 


3\ o ory 0 


This formula converts 10 cc. to grams 
by multiplying by the average spe- 
cific gravity and adds the average 
vial holdup in grams, the average 
syringe holdup in grams, and finally 
takes into account three times the 
square root of the sum of the con- 


tributing variances in grams, viz 
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TABLE I 





Source 


Syringe holdup (1 cc. dose) 
Vial holdup (10 cc. vial) 
Specific gravity 

Variation in filling equipment 


Average Standard Deviation 


0.150 gm 0.0052 gm 0. 
0.506 gm 0.0430 gm Oo 
1.007 Nil 

10.00 ce 0.034 gm Oo) 





(10.0) (1.007) + 0.506 + (10.0) (0.150) 
3\/0.00522 + 0.043" ~ 0.034 
12.241 
11.911 


The reason for including three times 
the square root of the sum of the 
variances can be explained best by 
the diagram shown in Figure 1. In 
terms of weight, 10.07 grams must be 
averagely obtained for ten 1 cc. in- 
jections. The vial holdup will be 
averagely 0.596 gm. and the holdup 
in the syringe is averagely 0.15 gm 

cc. or 1.5 gm. for 10 cc. These total 
an amount equal to 12.076 gm. The 
individual values, however, which 
made up the respective averages 
vary about them according to the 
normal or Gaussian curve and it is 
possible to calculate a value about 
each of these separate averages 
which will include about 99.73% of 
the individual values making up the 
average. This is done by adding and 
subtracting from each average an 
amount equal to three times the 
standard deviation for the respective 
measurements. However, the distri- 
bution of the sum of N normal and 


independent variables each of nor- 







11.911 Gms 





99 73% of the Toto! Areo 


12.076 Gms 


X = 12.076 


mal form also produces a normal o1 


Gaussian curve whose standard 
deviation is equal to the square root 
of the sum of the individual standard 
deviations squared (variances). In 
this example, the square root of the 
sum of the variances was 0.055 gm 
This is the total standard deviation 
(c,.) and 3a, 0.165 gm. (Figure 
1A) 

When the filling machines are set 
to deliver an average of 12.241 gms 
(Figure 1B), one can expect about 
99.73°, of the vials to contain be- 
tween 12.076 grams and 12.406 grams, 
respectively. That is, there is a 
chance that approximately three out 
of a thousand vials will contain a 
quantity outside of these ranges; and 
further since the curve is symmet- 
rical, the chances are equal (0.00135) 
that a vial will exceed the upper o1 
lower limit, respectively. Thus, the 
probability of distributing into the 
trade an underfilled vial is 0.00135 


PROCESS CONTROL THROUGH 
SQC CHARTS 


The analysis of the variables 


affecting this particular filling prob- 


Gms. 


12.241 Gms 






Filling Mochines Set 
ot K #12241 Gms 





“30 





+30 12.406 Gms 








= 


6c — 
99.73% of the Toto! Arec 


Figure 1 - Distributions of Filling Weights 
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Figure 2 - Control Charts on Performance of Two Filling Machines 


lem has now led to the establish- 
ment of a realistic specification for 
the operation as it now stands even 
though an overfill of more than 20° 
does not appear to be too economical 
The fact remains, however, that this 
is about all that can be done unless a 
major change is made to reduce the 
magnitude of some of the contribut- 
ing variables. The 
follow the performance of the filling 
machines with control charts. Such 


charts will reveal, first of all, wheth- 


next step is to 


er the specifications arrived at will 





and secondly, 


maintaining 


be met continually 


they will be of use in 
this specification as well as providing 
clues that may result in establishing 
and maintaining a more economical 
specification 

Figure 2 shows a control chart on 
the performance of two machines in 
filling a batch of the material follow- 
ing the establishment of the specifi- 
cation. In operating a control chart 
small samples are taken periodically 
the flow and the 


average and range measurements are 


from production 
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Performance of Filling Machines After Process Improvements 


computed In this case, two samples 
were removed and weighed approxi- 
The 
average fill was calculated as was the 
range (largest weight minus smallest 
weight) sample the 
values plotted as shown. The reason 


mately every twenty minutes. 


for each and 
for using the range as a measure of 
the standard 
deviation is that the range of a small 
sample is a sufficiently efficient sta- 
tistic for this purpose and is easier 
fol 


dispersion instead of 


production 
hend 


people to compre- 
In fact a good estimate of the 
standard deviation can be made by 
dividing the average range (R) by a 
factor (d,) which varies with sample 
size.” 

The next step is to calculate the 
average of the sample averages (X) 
and the average range (R). Control 
limits are then computed according 
to the formulae appearing in Figure 
9 

It can be seen that Machine A is 
filling vials within the predicted 
limits. At first glance it would appear 
that Machine A was capable of doing 
much better since the averages were 
well within the control limits. The 
relatively wide spread in the range 


chart, however, is responsible for 
these wide limits since they are 
calculated from the formula X 


A.R and the averages can be ex- 
pected to vary over the entire width 
of these control 


cause alone 


bands by chance 

Machine B shows an even larger 
dispersion in the range chart as well 
as points outside of the control limits 
on the average chart 
which exceed the 


These points 
control limits are 
not due to chance and their causes 
must be investigated 

Assuming that the causes for the 
misbehavior in Machine B can be 
found and eliminated, there remains 
the problem of reducing the disper- 
sion in both range charts. This would 
allow for the establishment of nar- 
rower control limtis on the average 
chart, thus making it possible to re- 
duce the overfill and still maintain 
the 


same degree of assurance of 
meeting the specifications. At this 
point the other technology of the in- 
dustry is called upon. It is not the 
purpose of this paper to discuss 
process management, because that 
would involve the discussion of a 


whole host of engineering specialties 


The factors Az, Ds, de, etc. may be obtained 
for different sample sizes from a table 
which appears in the A. 5S. T. M. Manual on 


Presentation of Data including Supplements 
A and B published by the American Society 
for Testing Materials. 206 S. Broad St 
Philadelphia, Pa 
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For the problem at hand, however, it 
can be pointed out that nothing can 
be done about syringe holdup as 
their manufacture is not under our 
control. Something might be done 
about vial holdup and certainly a 
good deal of effort should be spent 
in an effort to reduce the variability 
of the filling machines. That this can 
be accomplished is attested to by the 
control chart Figure 3 
which represents a production batch 
of some months later. One need only 


shown in 


to compare the two charts and one 
will have no difficulty in concluding 
that more vials are forthcoming from 
the batch produced at the later date 
and further, that the filled vials are 
their 


much more homogeneous in 


contents 
CONCLUSION 


It is planned to discuss several 


other applications of statistical 


analysis in the pharmaceutical in- 


dustry in subsequent issues of this 
journal. The field of application can 
cover the use of a whole host of in- 
dividual tools: tests of significance. 
analysis of sequential 
methods, design of experiments, 
single and double sampling methods, 
simple correlation, multiple correla- 
tion, to mention but a few. The most 
pertinent to the subject matter of 
this introductory paper, however, is 
the control chart method which has 


Variance, 


been briefly described 


Protlems Denarime 


Submitted by 


PROFESSOR NILES H. BARNARD 


The University of Nebraska 


In analyzing the results of bacteria 
counts made on milk samples, con- 
trol charts are sometimes kept in 


standard proce 


accordance’ with 
dures except that logarithms of the 
bacteria counts are used instead of 
the original counts. The resulting 
chart may indicate a state of control 
whereas if the original measure- 
ments are used the resulting chart 
would indicate a bad lack of control 
Under what conditions is it prope 
or desirable to convert measured 
values to logarithms before apply- 


chart proce- 


ing standard control 


dures? 


Solution by 
DEPARTMENT EDITOR 


The object of a control chart is to 


determine whether measurements 
obtained as a series of samples, fluc- 
tuate in a random fashion, all of the 
fluctuations being due to chance; o1 
in a non-random fashion, thereby 
indicating the 


able causes If the fluctuations are 


presence: oO! assign- 


random, it means that some basic 
underlying distribution exists such 
that any individual measurement is 
essentially a random drawing from 
this basic distribution. The under- 
lying distribution need not neces- 
sarily be the familiar “Normal dis- 


tribution.” In fact the exact shape 
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distribution will depend en- 


of the 

tirely upon the scale of measure- 
ment. For example, if one were in- 
terested in running control charts 
on the “size” of ball bearings, one 
might decide to measure the “size 


terms of diameter o1 
terms ol Now sin_e_ the 
weight ota sphere is proportl ynal to 
it would be 


either in 


weight 


the cube of its diameter: 
both of these meas- 


impossible for 
to be exactly a Nor- 


ures of “size” 
mal distribution If the 


measurements are distributed Nor- 


diamete1 


mally. the weight measurements 


would not be and vice versa 


take a simple electrical 
battery of a 


Or again 
circuit containing a 
fixed voltage and a resistance. Now 
suppose that random variations are 
introduced into the resistance such 
that the actual Nor- 
mally distributed. In such a cass 
measurements of current would not 


be No mally 


would be 


resistance 1s 


distributed since the 


current proportional to 


the reciprocal ol the resistance 


Thus it is clear that the shape of 
the distribution depends upon the 


particular scale of measurement be- 
ing used and a state of statistical 
control does not require that the 
measurements be distributed Nor- 
mally 

The standard procedure for con- 


trol charts calls for symmetric lim- 


its for X of X 30/Vn. The use 
of these limits is based on the fact 
that for most distributions actually 
encountered in control chart work. 
such limits will include “practically 
all” of the sample averages if the 
measurements are random samples 
from some one of the more common 
distributions. This is largely due to 
the fact that averages tend to be 
Normally though 
the individual values are obviously 
non-Normal. For example, if the 
underlying distribution is triangular 


distributed even 


or even rectangular in shape, the 
distribution of averages of samples 
of size 4 or more is so close to 
Normal that one can hardly tell the 
difference by eye. Even in the case 
of skewed distributions, averages of 
samples of size 4 or more tend to be 
symmetrically and ap- 


Normally 


this, standard control chart proce- 


distributed 
Because of 


proximately 


dures can be applied to most meas- 
urements even though the scale of 
measurement is not such as to make 
the underlying distribution Normal 
there are certain 


However, meas- 


urements which, because of the 


underlying physical and chemical 
principles involved, yield distribu- 
tions which are so far from being 
Normal that special procedures such 


as the use of logarithms is necessary 
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ated in the ASTM Manual 


As indie 


on Presentation of Data (Page 14 
Note 1) tne distribution ot some 
quality characteristics is such tha 
a transformation using logarithn 

, , 
of the observed values gives a sub 
stantially Normal distribution. When 
this is true, the use of logarithms 


, , 
advantageous in control 


This 1S the 


is distinctly 


chart work often case 
. : me involving bi 
with measurements iInvoiving Dl0- 
] 2] srowth *h ‘ hacteri: 
logical growth sucn as yacteria 
— 
count. Here a slight variation in 
' , , 17 
temperature W ill tend to double o1 
triple the effect of a slight variation 
! riginal contaminatior athe! 
tna! to aac i hixec im bpde It Dat 
teria independent or tne origina 
contamination Wherever simutita 
| onl 
neous variatior n the several tac 
rors wh ch dete rmine the measured 
value Ss fe nd to combine their etiect 
as products rather than as inde- 
j Ps } 
pendent add fine eftects fhe loga- 
, 
rithms of the measured nalue end 


ited Normally 


' , 
to be distrib 
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ete measured terms 


loss ol 
decibels which is the logarithm of a 


ith no values less than zero 


the 


ved WV are in 


and with a long tail in positive 


airection If the standard deviation urrent ratio oj voltage ratio, ete 
of the logarithms is large, the skew- Such measurements are frequently 
ess of the original measurement used in control chart work, stand- 
s very great and a large propo: ard procedures being applied to the 
tion of sample averages will be results as obtained in decibels 
above the customary upper control 

lirnit x + 36 n. On the othe: As indicated above, it is propel 
hand. if the measurements are eon. and desirable to convert measured 
verted to logarithms the resulting values to logarithms in control chart 


chart will indicate a state of control vork whenever the underlying dis- 


wo. Dated es Gan ceeiied sateen tribution is more nearly Normal (01 
ments behave as random drawings a mmetric) with respect to the loga- 

from the underivina distrthution thms than with respect to the orig- 

nal measurements. Fortunately, the 

Sometime 1 logarithmic scale of cale of measurement established by 

‘ irement purpose elected the scientist or design engineer is 

) the cle! t de n engines ally uch that a transformation 

i te Dtalr mea ed valu not necessary Where the need 
vhich are easily handled and ph does exist, the fact is preferably es 


tends to re tablished through fairly lengthy en- 


cally meaningful. This 


ult in the measured values being gineering experience with the qual- 
distributed approximately Normally ty characteristic in question o1 
and remove the necessit lor the quality cnaracteristi« ot a imliat 
qualit control engines appl nature If no background exper! 
’ ral orma ” ‘ the ‘ ence ] available, a review of the 
eme ‘ FY p , 4 cat te 100 ol more observa 
inicatior held ‘ tio! ire obtained hould indicate 

e, amplitude gall tra! ! T hether the use of logarith: would 
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be desirable. Frequency histograms 
of these data can be plotted using 
both the arithmetic scale and the 
logarithmic scale to see if the use 
of logarithms effects any pronounced 
reduction in skewness. A compari- 
son of minimum, median, and maxi- 
mum values in a group of data may 
sometimes indicate the need for 
further investigation as to the de- 
sirability of using logarithms. If the 
measurements themselves are dis- 
tributed Normally, the difference 
between median and minimum 


should of course be approximately 
difference between 
maximum and median. However, if 
the logarithms are distributed Nor- 
mally, the differences in logarithms 
should be approximately equal, 
which means that the ratio of the 
median to minimum should be ap- 


equal to the 


proximately equal to the ratio of 


the maximum to the median. A 
comparison of these numbers can 
be made mentally and will usually 


indicate any outstanding need for 


the use of logarithms. However, it 
must be kept in mind that such re- 
lationships hold only when a state of 
control already exists. A careful 
examination of the data should al- 
ways be made to assure that any 
pronounced skewness in original 
measurements is not actually due to 
assignable causes. In such a review, 
a consideration of the engineering 
principles involved is perhaps as im- 
portant as statistical tests and con- 


siderations. 


Quality Control in Six Minutes 


A. G. KLOCK 


Quality Control Superintendent 


C. W. CARTER 


Quality Control Engineer 


Bigelow-Sanford Carpet Company, Inc. 


successfully applying the mod- 
ern concepts of quality control to 
any process, the biggest hurdle is the 
normal, inborn instinct of human 
beings to resist something which is 
not thoroughly understood. The 
most effective way in which this may 
be overcome is the gaining of confi- 
dence and understanding through as 
simple an explanation as possible 


There are two basic ingredients of 
a “simple” explanation. First, people 
may be led into the proper channels 
of thought by the use of personalized 
illustrations. Talking in terms every- 
knows and understands will 
interest, and the 


body 
always 
simpler the illustration the bette: 
Second, the use of visual aids, o1 
“gadgets”, should be employed. Once 
a person has seen such a gadget 
work, the picture is fairly firmly im- 
pressed. Then, as practical applica- 
tions are suggested, the logic is more 
likely to be apparent. Furthermore 
the time required for a thorough ex- 
planation may be cut to a small frac- 
tion and a high level of interest 
maintained throughout by letting the 
gadget tell its own story 


arouse 


These two ingredients have been 
combined very successfully at the 
Bigelow-Sanford Carpet Company in 
painlessly administering the funda- 
mental principles of Statistical Qual- 
ity Control. Frequency distributions, 
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the control chart, theory of sampling, 
etc., etc., are all presented in one 
package in the short space of six 
minutes, 

The Bigelow-Sanford Quality 
Control Board, shown in Figure 1, 
provides the visual aid. It consists of 
a carriage mounted in a portable 
frame, with beads strung on twelve 
wires in the carriage. In the position 
shown, it resembles a Chinese Aba- 
cus, but it can also be made to repre- 
sent a control chart. Using card- 
board scales in brackets at the left- 
hand side of the board, the oppor- 
tunities for applying personalized 
illustrations are limitless. These in- 
clude such characteristics as the 
simple plus-and-minus scale (shown 
in Figure 1), shoe sizes, golf scores, 
LQ., personal income (everyone 
understands this!), and, for our par- 
ticular case, the characteristic of 
carpet thickness. 

The board in this position illus- 
trates the construction of a simple 
graph. It takes very little time to 
explain that consecutive measure- 
ments of any characteristic put on a 
chart illustrate the principle of 
variation (i.e., “A” makes $3,000 a 
year while “B” makes $15,000, etc.). 
By using homey illustrations, it is 
easy to show that variation applies 
to practically everything 


The general reaction at this point 
is one of “sure, but where do we go 


from here?” The answer is that we 
must recognize the two types of 
variation: normal and non-normal. 
For example, a golfer who shoots 
“in the seventies” happens to card 
an 8l—or even an 85—and thinks 
very little of it. (He probably would 
call it an “off day” and let it go at 
that.) If that same golfer should 
come back with a card of 145, there 
undoubtedly would be some logical 
and specific explanation; perhaps he 
was playing with a broken arm—or 
even blindfolded. That is the dis- 
tinction between normal and non- 
normal variation. That is what 
“control limits” are for on a cortrol 
chart. 

Let a process make a product with- 
out any external factors influencing 
it and the resultant production will 
probably be “normal” with respect to 
the amount of variation in any char- 
acteristic 

Again your listener asks, “Fine: 
how does it tie into the chart?” The 
answer is that the data on the chart 
must be analyzed further: a fre- 
quency distribution must be made 
Turning the board to the vertical 
position, as shown in Figure 2, will 
allow the beads to slide to the bot- 
tom, thus forming the “Normal Dis- 
tribution Curve” 

Why is this called “normal”? Be- 
cause it comes to a peak in the mid- 
dle (average) and because it is sym- 
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Figure 1—The Bigelow-Sanford Quality Control Board 








































































































metrical about the average.” Any 
snapshot’ of a process which looks 
otherwise is a clue that the process 
is operating with a broken arm—o1 
blindfolded. Furthermore, the 


which it differs from the 


even 
manner if 
t p-off as 
In short 


the frequency distribution technique 


normal curve is often the 


to where and what to check 


a potent trouble nooting weapon 


So tar 0 good But can thi help 
me run my machine? If so, how? 
It is here that we must call upon tne 


They tell us that 
divided 


hown in Figures 


mathematicians 
the normal curve may be 


into egment 


3,4 and 5. If we | x out all values 
further from the tage than plus 
or minu one eg it we will 
have, within these limits, approxi- 


mately 63 percent ol all tne value 

> rn larly plu ol rT I l two Cy - 
ment embrace 95 pel 
alu and plu o! minu three 
egment include 99 7 percent, o1 
all but three out of a thou and If a 


had mit 


whether hi proces 


production man 
would tell 
wa running out of control with 
could he control hi 
accurately? F 


him 


uch accurac' 


proc more igure 6 


how when a proces 


segment No 


value 


what happer 

hifts over one 
longer are 68 
visible 


percent ol the 


Using th ort of presentation a 
the basis for control charts, it i 
easy to sell any individual on thei: 
value in process control 

The construction of the board ji 
imple The frame is 18” x 60”, and 
houses a center panel which rides on 
iron guide at each end It is kept 
parallel by a system of wires and 
pulley similar to a draftsman’s 
traight edge 

On the panel are twelve wires 


The 


them dis 


class intervals 
100 beads on 


in the following orde1 


representing 
have 


tributed 


wires 


Wire No Number of Bead 
l ] 


; ~ 
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Figure 5 


The wires are one nch 


On the outside of these wires 


spaced 
apart 
are ¥4-inch metal rods which repre- 
The rods 
On the 


piece 


sent 3-sigma control limits 
also add support to the panel 
panel behind the 


of cardboard 


wires 18S a 


with points represent- 


ng a control chart. The cente1 pans | 
neasures 14” x 58”. The panel 

made so that it can move two inches 
or one standard deviation, to eithe: 


side. On the inside back of the case 


I i-in¢ h 


are lines made by dark blue 
These lines 


deviations 


ce llophane tape 
ent the 
At the 


brackets 


repre- 
four standard 


base of the board are metalli 
that hold 


plate s for the demonstration 


and tem- 


On the 


s( ales 


back of the board is a 


spring pin 


lock which snaps into tne panel to 
ock it in the middle 

Ir the center of the back is a 
female part ola Daisy can opene! 
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Figure 6 


the male mounted on the 
wall of the Quality Control Office. It 
from the 


part is 


is thus allowed to 
horizontal to the 
This enables us to use it for demon- 


pivot 
vertical position 
strations and gives Quality Control 
atmosphere. The cost of this board 
is approximately ten dollars ($10.00) 
(beads, lumber) 


for material wire 


and eight hours work of a carpente: 


Thus, for a nominal outlay and the 


willingness to improvise the task of 


installing a program of statistical 
quality control may be considerably 
Further 


program 1S 


lightened the effectiveness 


of such a greatly in- 


creased because the personnel who 
are directly concerning with running 
it have a basic understanding of the 
prin ple s and ar appreciation of 


aims 
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APPLICATION—AUTOMOTIVE 
INDUSTRY 


QUALITY CONTROL LOWERS 
COSTS, BOOSTS PRODUC- 
TION, Nelson G. Meagly, Man- 
ager, Statistical Quality Control, 


Willys-Overland Motors, Inc 


(Iron Age, v. 165, n. 17, April 27 


1950, p. 31) 


Many statistical quality con- 
trol techniques are used at 
Willys-Overland. Their purpose 
is to provide factual information 
for corrective action Psycho- 
logical value of QC at first 
noted. The problem is also one 


of organization Examples 


techniques used are given 
APPLICATION—CHEMICAL 
INDUSTRY 
A CASE STUDY OF HOW STA 


TISTICAL QUALITY CON- 
TROL EXPEDITES CHEMI- 
CAL OPERATIONS, G. N 
Cornell, A. E. Staley Manufac- 


turing Co., Decatur. Illinois 
(Chemical Industries, v. 64, n 
April 1949, p. 568) 


Examples are given of the ap- 
plication of several statistical 
methods (p chart, correlation 
etc.) to problems and variables 


' 
in a chemical processing plant 


Examples of variables noted fo 


control are 
a) Temperature 
b) pH’s 
c) Moisture content 
d) Colo: 
e) ©“ Oil content 
f) © Protein 


STATISTICAL PROCEDURES 
IN CHEMICAL INVESTIGA- 
TIONS, W. L. Gore (E. I. du- 


Pont de Nemours) 
(Industrial & Enginee! 


Chemistry, v. 42, n. 2, Feb. 1950 


p. 320) 


Two examples are presented 


] 


ol typical proble ms encountered 


in industrial research and pilot 


plant development where th 
statistical approach nas ne 


; ) 
ors 


new light on the ta 


volved in the process. Random- 


izing Of data trom various tat 


tors by the Latin Sq jal 


method and others is described 
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On matters concerning the 
Bibl ography Departme nt, send 
corresponds nee, suggestions, 
and contributions to Mr. Jo- 
seph Movshin. 9220 Old Bon- 
homme Road St. Louis 24 Mo 








MECHANICAL PROPERTIES O-" 
HIGH POLYMERS AS FUN( 
TIONS OF THE SHAPE O: 
THE DISTRIBUTION CURVE 
Philip C. Scherer & Rembert D 
McNee1 Virginia Polytechnic 
Institute 
(Rayon & Synthetic Textiles, \ 
XXXII n. 2 Feb. 1959 


The prediction ol m hanical 


p 53) 


properties ol plastic films from 
the distribution curves of the 


devree of polyme rization 


APPLICATION— 


METALLURGICAL INDUSTRY 
HOW TO CONTROL POWDER 
PART SIZE, E. E. Ensign, Man- 
ufacturing Research, and L A 
DeGrote, Quality Analysis, Au- 
tomotive Manufacturing Opera- 
tions. Ford Motor Co Dea 

born, Michigan 
(Iron Age, \ 165, n. 16 April 
20, 1950, p. 83) 

A well organized article, trac- 
ing step-by-step the analysis ol 
he dimensions of a powdered 


metal bushing as it was brought 


under control with the aid of 
tatistical methods Illustrated 
it! everal chart and photo 
sraphs 


HOW GE BUYS POWDER 
PARTS, J. D. Carey, Metallur- 
gical Engineer and A. G. Pison 
Quality Control Engineer, Ger 


eral Blectr ( Co B age pt rt 
Conn 
(Iron Age 165, 1 16, Ap 
20, 1950, p. 95) 
Lx cribe initial test or 
ered ) pa t to dete! ne 
pl i prope r Afte first 
pit ine ippro' ed 1 i 
i poiin cr itro iri¢ 
( | ite I q ialit il u ed 
ire continualtior I qual 
indara lu ated in pn 
ipns and a na 


APPLICATION—METAL 


WORKING 

HOW TO MAKE CONSISTENT 
SPOT WELDS, J. Heuschkel & 
H Bitze1 Research Laborato 
ries. Westinghouse Electri« 
Corp 
(Steel, \ 126, n. 6, Feb. 1950 
p 82) 

This is a general discussion 
on spot welding as such, but 
does contain some examples of 
the application ol statistical 
methods 


QUALITY CONTROL OF 
FLASHWELDING, Gilbert C 
Close 
(Modern Machine Shop, June 
1950 p 80) 

A description of the control 
procedure for strength of flash 
welded parts as u ed at North 
rop Aircraft. Statistical me thod 


are not noted in this description 


LOOK MA—NO HANDS!”, Clif 
ford W. Kennedy 
(Modern Machine Shop, v. 23 
n. 1, June 1950, p. 194) 

The author describes an ap 
plication in a Screw Machine 
Department in which all of the 


inspection is done by the opel 


ato! A sample of two is taker 
and control limits are based on 
specification allowances rathe1 
than on process limit 


APPLICATION— 


MISCELLANEOUS 

QUALITY CONTROL IN THE 
RAYON PLANT, W. B. Sea: 
Werner Textile Consultant 
New York 
(Rayon & Synthetic Textil 
XXX. n. 10, Oct. 1949 p 57) 

Mr. Seat presents an outline 

of the application of Statistical 
Quality Control to the rayon 


plant. Examples of reports used 
are given. The importance of 
adequate and accurate report 
ing of data i tressed Only 
through such data can manage 


ment take proper action quickly 
on the specific points needing 


yrrection 
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ENGINEERING & EXPERIMENTS 
NEW CONTROL SYSTEM IM- 
PROVES PIPE QUALITY, D.A 
EVANS, National Tube Co 
Pittsburgh, Pa 


Iron Age, v. 165, n. 15, April 
13, 1950, p. 82) 

Multiple correlation used to 
ontrol the iriable nfluencing 
the properties of line pipe steel 
Manganese carbor and thick- 
ne are related to elongatior 
and ultimate trength through 
thi tatistical technique. Chart 
ised to present the relationship 


PRACTICAL ENGINEERING 
USES OF PROBABILITY PA 
PER—PART 1, A. Boyajian 
G. E. Company, Pittsfield, Mas 
(General Electric Review. v. 53 
n. 6, June 1950 p. 15) 


The analysi of variable data 


by “probability paper” method 
can provide much interesting 
niormation for relatively littl 
effort in cal ulation Several 


of the 


ty pape! to analyze distribution 


example use o! probabil 


quality, 
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approach 


CONTENTS 


MANAGEMENT & PERSONNEL 


BOOSTING QUALITY WITH 
PLANT CAMPAIGNS 
(Modern Industry 19, n. 2 


Feb. 1950, p 17) 

An Editorial article based on 
practice at Monsanto Chemical 
Co., Plasti Division—Spring- 
field, Ma Photographs show - 


ing use ol! poste! 


ne scoreboards 


le to advertise quality within 
Quality 
keep down costs and customers 


atisfied. The 


pervisors and 


e 
| 

the piant control helps 
approach to su- 
operators ro! 


quality consciousness is stressed 


ORGANIZING A QUALITY 
CONTROL PROGRAM, K. W 
Kingsland K ngsland & Asso- 
clate Toronto, Canada 
(Modern Management, v. IX 
n. 8, November 1949, p. 3) 

An approach to the installa- 
tion of a quality control pro- 
gram and department by top 
management. Problems and con- 
siderations involved are noted 

INDUSTRY'S TOOL IN COM- 
PETITIVE MARKETS, P. C 


A Practical Manual 
of Tested Procedure 


Everyone who wants to get more uniform product 
prevent excessive spoilage or improve in- 
spection will find practical, ready-to-use information 
in “QUALITY CONTROL” by Norbert L. Enrick. This 
book is designed for practical, everyday use. It is 
based on plant-tested scientific principles. 
simple tabulated data with direct instructions which 
anyone can apply, and presents concrete examples 
showing how statistical quality control is used under 
different manufacturing conditions. Its simple, direct 
recommends it especially to students of 
quality control methods. 


It uses 


122 Pages $ 3 00 32 Charts and Tables 


Postpaid in US 





M i Cy » 
[ Inst , D | 
M As! () 
( 
H ( plete | I 
\ 'B) M{ () 
( 
M I ( ( 
( I 








THE 


148 Lafayette St. 


24 


INDUSTRIAL PRESS 


New York 13, N.Y. 


Clarke, Assistant General Man- 
ager, Hunter Spring Co 
(Dun’s Review, April 1949, p. 13) 


Quality control and 


techniques are ised to improve 


statistical 


and maintain quality without 


Quality control 


used with production, engineer- 


excessive costs 
ing. sales. etc.. as well as fo 
inspection Examples of use 
given 

A frequency 
product is sent to customer as a 


distribution of 


help to both user and manufac- 


ture! 


THE QUALITY CONTROL DE- 
PARTMENT AS A TRAINING 
GROUND FOR FUTURE SU- 
PERVISORY PERSONNEL, E 
H. Robinson, Director of Quality 
Control, Johnson & Johnson, 
Chicago, II 
(Tool & Die Journal, v. XVI, 
n. 2, May 1950, p. 49) 


This was originally presented 
in a panel discussion at the 3rd 
Annual ASQC Convention. The 
Quality Control Department is 
related in its activities to many 
other plant functions. Excellent 
training and background fo: 
future supervisory personnel are 
obtained through this relation- 
ship. Also published in IQC 
January 1950 


STATISTICS CAN CHANGE A 
JOB CLASSIFICATION, Wil- 
liam A. MacCrehan, Jr., Pro- 
fessor, New York University 
College of Engineering 
(Tool Engineer, v. XXIV, n. 6 


June 1950, p. 35) 


Professor MacCrehan dis- 
cusses the organization and 
problems of the inspection de- 
partment with particular em- 
phasis on the use of statistical 
methods to help solve some of 


these problems 


REGAINING QUALITY RE- 
QUIRES DEFINITE PLAN, E 
M. Findley, Jr.. Management 
Consultant, East Chester, N. Y 
(Textile World, v. 99. n. 5, May 
1949, p. 103) | 


The importance of quality 
control as a money saver fo: 
industry is noted and compared 
to its low cost (3-5' of total 
Quality control is 


also presented as an aid in ob- 


quality loss) 


taining workers interest and 


cooperation for quality 
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SAMPLING PLANS & RELATED 
TOPICS 
INSPECTING INCOMING 
GOODS M T Shelhime: 
Douglas Aircraft C ympany 
(Mill & Factory XLVI, n 
March 1950 p. 119) 

Receiving inspection prob- 
lems have been so reduced 
this aircraft plant that thou- 
sands of dollars are being saved 
annually through elimination of 


A standard of 


iImpos- 


assembly delays 
acceptance previously 
sible to obtain has been estab- 
lished The 
various plant divisions i 


responsible for 


cooperation be- 
tween 
achieving such 


re sults 


THEORY & APPLICATION— 
GENERAL 
DEVELOPING CHARTS FOR 
QUALITY CONTROL WORK 
R S Saddoris Directo. ol 
Quality, A. O. Smith Corp 
(SAE Journal, v. 58, n. 4, April 
1950, p. 25) 
This is an excerpt 
Quality Control and In- 


presented before the 


Irom a 
papel 
spection”’ 
Milwaukee section of the SAE 

An elementary article show- 
ing development of tally sheet 
data Then 


made 


from ungrouped 


further development is 
into bar and scatter diagrams 
and control charts 
GRAPHICAL STATISTICAL 
METHODS, W. A. Hinton 
(Wireless Engineer, v. 26, n. 315 
Dec. 1949, p. 400) 
An introduction to graphical 
prob- 


methods for § statistical 


lems. Largely a description of 
uses [o1 probability pape! with 


ition to goodness ot fit []- 


GRAPHICAL STATISTICS—AN 
ENGINEERING APPROACH 
II], L. R. Hill & P. L. Schmidt 
(Westinghouse Engineer. v. 10 

3, May 1950) 






Quality — in Molded Plastics Depends on 
! 
Temperature Control IN THE MOLD... possible 


“is THERMOLATOR 


on 









A Thermolator, attached 


to an injection molding 






press, controls mold tem 






perature within the close 






limits necessary for de 






fect-free casting 







More Data On 
THERMOLATOR 


Thermolator controls the temperature of 
each half of a plastics mold independently 
of the other, by means of high velocity cir 
culation of water whose temperature ts au 
tomatically controlled, by draining or add 
ing heat. Thermolator will control tempera 








Interesting Book- 
let on “THERMO. 
LATOR CON. 









TROL” yours tures within 2 F. with dependability and ac 
for the asking. curacy, where molds are properly designed 
WRITE... with water lines 





If You Seek Quality—Seek the Molder 
Who Uses "Thermolator Control” 


INDUSTRIAL MANUFACTURING CORP. 
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Los Angeles 23, 





REPRESENTATIVES: F. W. Jennison, Room 603, 570 7th Ave., 
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Calif 
Richardson Agencies Limited, 454 King St. West, Toronto 1, 
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Method of drawing confidence THROUGH WASTE REDUC nethod Several technique 
envelopes and of finding signifi- TION AT M-H i eX & R chart ‘ 
cant differences using probabil- (Plastic Indust . I o ince determination, and am 

pape! Illustrated vith March 1950) pli are described. Result 
graphs. Part I in v. 10, n. 2 tne qual p 
March 1950 I article pre ‘ Vi ea H ‘ i 

QUALITY CONTROL PRO- d M istra h ; 
GRAM PROVES VALUE bD é 
FIFTH ANNUAL CONVENTION OF ASQC, MAY 23-24, 195! 
Cleveland Public Convention Headquart Cleveland Hote 
W di ( 
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Practical Hida 


ELLIS R. OTT, Editor 


Interference Risk When Normal 


Distributions Overlap 


R. W. HANNA, Chief Inspector, and R. C. VARNUM, Mathematician 


Barber-Colman Company, Rockford, Ilinois 


| pe proper establishment ol di- 
mensional limits in the manu- 
facture of a product is a major fac- 
tor in the control of costs of the 
component part If tolerance speci- 
fication of the components can he 
increased without impairing the ulti- 
mate quality, vreat Savings can 
sometimes be effected. In this article 
we offer a method by which indi- 
vidual component tolerances can be 
increased in many instances to 
actually improve the quality ol as- 
sembly fits, provided the production 
of the component parts Is statistical- 
ly controlled. (The controlled pro- 
ce iS a means Ol approximating a 
normal distribution of sizes between 
specified limits.) 
Sometimes the 
closer than the manufacturing pro- 
cess can hold. At other times they 


are wider than economy of manu- 


tolerances are 


facture requires. In either case a 
review of the problem will indicate 
which of the following procedures 
is economically desirable (1) cor- 
rect the 
pecification limits. or (3) continue 


adjust the 


process (2) 
to accept the loss in the rejyec ted as 
semblies We are concerned here 
with the second of these choices; in 
particular with the problem of find- 


ng the risks involved when dis- 


tributions of mating parts are 
widened so as to overlap 

It is common practice for many 
engineers to specify dimensions for 
mating parts which differ appreci- 
ably so that there is essentially no 
interlerence 1.e little 


which will 


chance of 
chance of getting pairs 
not assemble. However this method 
f avoiding interference can result 
in the equally disturbing problem of 


extreme looseness of fit 
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Consider, too, what happens some- 
times when mating parts are de- 
livered to the assembly floor with 
greatly overlapping distributions 
Under general inspection procedures 
in many plants both types would be 
subjected to a 100°) screening and 
the pieces found in the overlapping 
regions would be removed for cor- 
rection or scrapping. In this way the 
assembly floor is assured of good 
mating parts but at an unnecessarily 
high cost in inspection, rework, and 
scrap 

The purpose of this paper is to 
determine the probability of inter- 
ference. This risk of interference is 
much less than is popularly ex- 
pected, and, in many cases, is small 
enough to be economically accept- 
able. The underlying theory can be 
found in standard texts* so need not 
be repeated here By 
series of curves and two division 


means of a 


operations, the answer can be found 
the ad- 
ditive character of variances or the 


without direct reference to 


area under the normal curve 

Since an experiment is frequently 
more convincing than a theoretical 
proof, we made two normal distribu- 
tions of 998 integers each. One dis- 
tribution had a mean of 60 and a 
The other 


distribution had a mean of 30 and a 


standard deviation of 10 


°E. I Grant Statistical Quality Control 
McGraw Hill Book Co 1949) pp. 326-332 


standard deviation of 10. (See the up- 
per sketch at the right of Fig- 
ure 1.) Each author made 998 draw- 
ings until his distribution was ex- 
hausted, recording the integers in 
the order of drawing. The results 
were then compared and it was found 
that 981 pairs were free of inter- 
ference, that is, the number from the 
first distribution was larger than its 
mate from the second distribution 
The interference risk was thus 
found experimentally to be 17 out of 
998, or 1.7%. 

The chips were not replaced afte 
each drawing because the distribu- 
tions were designed to represent two 
batches of normally distributed 
manufactured parts delivered for as- 
sembly. The two distributions se- 
lected for this experiment could also 
represent parts delivered from two 
production lines for continuous as- 
sembly when considered over an 
adequate length of time. The nor- 
malecy of the distribution of parts 
from a production line will be im- 
proved by a mixed accumulation of 
parts prior to assembly 

To find from our chart the pre- 
dicted interference risk of the two 
distributions described above we 
divide 10 by 10 to obtain 1, then we 
subtract 30 from 60 to obtain 30 
This value is divided by 10 to give a 
value of 3. By looking for 1 on the 
lower scale and 3 on the vertical 
scale we note that our answer lies 
between the 1° and 2° curves, and 
that 1.7°% is a reasonable estimate 
(See the upper sketch.) 

The example in the lower sketch 
assumes that one distribution has 
three times the spread of the othe: 
and that the distance between thei! 
means is six times the standard de- 
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PROBABILITY OF INTERFERENCE OF TWO 
OVERLAPPING NORMAL FREQUENCY DISTRIBUTIONS 
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lation of the tighter distributior yuund as follows (1) divide the a little practice in using the 





Using the customary assumption that larger standard deviation by the a person can quickly determine the 
the spread is six standard deviations maller; (2) locate this value on interference risk involved in pro- 
this example has placed the lowe: the lower scale; (3) subtract the posed limits and thereby lessen the 
limit of each distribution at the same means, or averages: (4) divide this prevalent fear of overlapping 
point a how! » that the tight difference by the smaller standard 
distribution actua t] the de tion: (5) locate the result of Let it be emphasized, however 
wider one. In spite of tl the ir the division in (4) on the vertical that these results are based on nor- 
terlerence K | nly 3 whnicn cale (6) find the point which is mal distributions and random selec- 
. found trom the chart by locating 3 above the lower scale value and to tion of pairs. Experiments are now 
on the lower scale, 6 on the vertical the right of the vertical scale value being conducted by the authors on 
cale, and observing that these line (7) determine the interference risk certain non-normal distributions to 
cross on the 3% curve from the percent curves passing discover what compensations may be 
For any two distributions of it nearest this point necessary in this procedure for sucl 
ne part tre terlerence , By a study of these « x<amples and cases 
N T no 
ANNUAL REPORTS 
At the Annual Meeting of the Society in Milwaukee o1 iring the year as follows 
Le is +, ) y +. ‘ y ‘ , ’ 
= , pinay aoe a jews ers eee of othe nar New York—October 2-3, 1949 
of Directors. These reports w “* cumnaet. Geen tate Princeton December 3-4, Rated 
cil saeiiatiieelt ten Radiat, Min Ralieek alt tas Geek ener te Ne w York February 18-19 1950 ' 
cordance with the provisions of Sectic: 1 , 3) 99 d Milwaukee—May 31 and June 2, 1950 
) ind 33. h. of the Constitution a1 re publishe helow These meetings were devoted to general discussion of 
Society activities and plans. Their proceedings have largely 
REPORT OF THE BOARD OF DIRECTORS ee re 
lhe Board of Directo of the American Societ fo In addition to these formal meeti the Officers have 
Qualit Contre Incorporate present herewith to the been in frequent consultation and discussion with other 
embership its fourth Annual Report, covering the fisca members of the Executive Committee on important Society 
ear from 1 Ju 1949 1+ 0 June 1950. Th report in flair 
marizes tne pril u 8 r tne ‘ ring, tne Sections Visited by President Wareham 
4 * S 1@ ~ . ? 7 a ‘ pr) Rae os During the past yeal you! President ha visited and take! 
Appended to ti a ak eae tien Meme enests of thu part in meetings of six of the Sections of the Society 
Executive Secreta il I ( lreasure The Executive Washington Metropolitan 
ecreta Repo t ( I nw tatu I! ‘ nembersni Southern Tie Philadelphia 
ro , the re of ectior I lreasure Report state Western Massachusetts Delaware 


chart 


> : hy nog rhe re ; - aon : ; “ - “ , , st In addition he addressed the National Conventi ( 
Society in Milwaukee 
lreasuret Report i ende 
Annual Meeting 1949-50 
Board of Directors Meeting The Annual Meeting of the Society was held in Milwauke: 
Only one meeti of the Be is Me iring the ye on 1 June 1950. The proceedings of the Annual Meetin 
in Milwaukee on 3 June 1950 following the Convention. A ire recorded in some detail in the American Society New 
f the Officers and 22 of the Directo vere present. Impo ection of this issue of Industrial Quality Control. Office: 
mnt action taker atu meeting include elected for the fiscal year 1950-51 were a follow 
1. Confirmation of the action of the Executive ¢ nittes President: Wade R. Weave: 
in recognizing the |! wit is Hecuor i the Societ Vice President: Martin A. Brumbaugh 
Paleda Greater Muskeac: Executive Secretary: Simon Collier 
Coluenbas Sen Francisco Bay Are: Treasurer: Alfred L. Davis 
— on Rhode Island National Convention 
es rhe Fourth Convention of the Society was held in Mi 
Appi sh OF thn t f the Executive Committec vaukee on June 1 and 2, 1950, in conjunction with the Fift! 
esta! ing new technical | litte is | Midwest Quality Control Conference. The proceedings of 
Chemical Technical Committee the Convention were reported in the July 1950 issue of 
Electronics Technical Committee Industrial Quality Control. Outstanding success of the Con- 
Automotive Technical Committes ention was largely due to the teamwork of the twelve 
Aircraft Technical Committee Midwest Sections and to the hard work of the Convention 
Committee which played host to the Society 
} Estab mment of the pol of nar I future Societ 


Conventions as national conventior inder the sponsor Regional Meetings 
‘ ° ‘ ’ ricalr ” t . > : 

nip and hnanci f the Ame Soci [wo large Regional Meetings were held during tl 

{ Accept nce ol report Tl r? Chairmet! ff Society Con Mi A 


est—St. Loui Missouri, November 10-11, 1949 


ul 


mittes coveril the ct tix ind program of each of Middle Atlanti Princeton, New Jersey, December 2 1949 
these committee Each of these meetings was sponsored by all of the Americar 
Society Sections in the Region. In addition to luncheon and 

Executive Committee Meetings linner sessions of a more general character, clinical sessior 
Four meeting of the Executive Committee vere held were devoted to pecific applications of quality control 
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techniques. Both meetings were highly successf 
Section Meetings 
A yf ‘ ‘ Society Section held we tte ‘ eet 
regularly during the year Technica essions were treque 
ly preceded DV a less tormal dinner e€SSI1OI!I A t 
Sections conducted highly successful quality yt train! 


courses just preceding the regular technical meeti 


Section meetings constitute a substantial ar 
contribution to the life of the Society and to the benef 


individual members. These meetings have increas 


an strength with tne continued growtl — the natior 


Last yea! tne soard reported od. Section ictive 


Society During this year even new Sectior I < ee! 


, : ' ; 
added, so that the Society now has 42 active Sect T 


Membership 
As a result of teamwork throughout the Society. ther: 
been a substantial increase in Society membership 
the year. At the end of the vear. Society c: 
bership was more than 3500 as compared with 2620 at t 


beginning of the year an increase of more than 33 


Industrial Quality Control 


The Editorial Board, under the able chairmanshi; 
Professor Mason E. Wescott, has increased the magazin« 
scope and in usefulness during the year. A number 
valuable departments have been added and regularl pp 
in each issue. The outstanding success of the 116-pa 
Convention Issue is landmark in Society affair Improve 
ments in technical content and in general make-u; yt tl 


magazine Nave increased its usefulne to membe! il 


idbraries and other institution 


The Industrial Quality Control News Supplement inde 


ie able editorship of Ernest H. Robinson, has appears 


tnrougnout the eal n those nontl vnen there I 
| ne magazine A iluabDile fteature I eS r r t 
npeen the bDi-month ibulation of future S¢ I et 


Advertising 
With the enlarged circulation of Industrial Quality Contr 


now well in excess of 3800, the Board of Directo is col 
vinced that the magazine possesses real appeal to comme 
advertise! anda that ich advertising nouid oviade 
important source of income for the Society 


During tne past yeal tne vork ol Mi Rayn ! 


Saddoris as Chairman of the Advertising Committe 
laid important ground-work for increased advertisu 
future years Mr paddor! l working clos¢ vit! 
National Director of each Sector in te} I lurtne 
le velop magazine adavertlslil 


Work of Society Committees 


The increasing act itv oft Societ ( r eC 
ated the work of the Society In many area E 
Technica Special xr General Committe 
mportant work v n has a te the Office 
through Societ pro ur Rec ner it r PSE 
mittee togetnel Vit! aIctior Ker ive et ( ‘ 
previous issues of Industrial Qual Co 

The Societ exter i te oI thank é ( ‘ 
na erved on our Committee for ‘ ‘ ik 
tne nationa progra I ix! f é 


ield of xdern qua ce 
Also at the Convent the t B 4 

presente t M Leor A. Sede f B Vi et 

Experimenti! n the Fa pu é e M 


SEPTEMBER, 1950 


1948 le f Industrial Quality Cont 


Sustaining Contributions 


‘ ‘ , ift « S500 from the New Englar 
er if the Tl National Convention 
é Boston on May 5 and 6, 1949. A similar gift of $500 
é e M ‘ 4 ns fron e proceeds of the 
F Mid Qu Cor Conference eld in St 
Louis, Missouri, on November 10 and 11, 1949 


Society Membership Badges 


Lu Y ) Pre ent worked ese 
( ( | Cy Ba four Company esigniul men el 
‘ { Mer t ~ ) Me el! ind F* A 
Phe iesign of each ot these badge Wid arefully considered 
e Executive Committee ind the badwe were adopted 
| lol ne Societ } cn ive to mw Live patter! I 
uo ‘ it i i distinctive lentinicatior 
Appreciation 
The Boa { D cto expresse it leep appreciation t 


ASQC Committe and Committee Chairman, to Sectior 


Office ! the nembe! i en i to the oval ana 
eft | ‘ eff ( i nave ‘ ted to thre id incemeny|t 
For the Board of Directo: 
RALPH E. WAREHAM, President 
( | iqu New York, June 10, 1950 
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eve ect Vere rec ea a l re eal 
The é f A Toledo, Columbu Denver, Eri 
sreate Muske in Francis Ba Area i Rhode 
| na i rie LW ere er nized trie } ecullve 
( ‘ eetir f VI 1 1950 ) lid not 
i ‘ Me lirect fur the 1949-50 
The Rhode Island Sect 1 pre been a sul 
‘ ) I e Bost er ! (Gy 1 ‘ vorkit 
ect Mle { Me Montre 
eal Washingt I e, Ke ick Frank 
Ke , I e, Indiar Parke i West \V 
4 .) 1A jue ie, New Mexi 
I ‘ ‘ | ( ‘ {f June 0) 1950 yw 
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EXHIBIT A—American Society for Quality Control, 


Inc.—Membership Report as of June 30. 


Region and Section 


New England Region 
Boston 

Hartford 

New Hampshire 
Southern Connecticut 


Westerr Ma acnuset 
TOTAL 


Middle Atlantic Region 


2 ; 


altimore 
Delaware 
Metropolitar 
Philade phia 
W asl ngtor 
rOTAL 


Northern Region 
Buffalo 


*Michigar 


TOTAL 


Central Region 
Cincinnat 
Columb 
Daytor 

Erie 


( 


reorevia 


PrOTAL, 


Ir response to neir p 


the Michigan and Greater 


Mid-West Region 
Chicago 

Denve 

Illinoi 
Indianapoli 
lowa 

Milwaukee 
Minnesota 
Muncie 

N. E. Indiana 
Rock River Vall 
St. Loui 

South Texa 


TOTAL 


Western Region 
( a ifor nia 


TOTAL 
Member at-large 
Member in-training 


GRAND TOTALS 


30 


Muskegon Sect 


1950 


Membership 
June 30, 1949 


ve Committee has authorized 


mn to the Central Re Zion 


2639 


Membership, June 30, 1950 


Senior 

Fellows Members Members Total 
5 51 79 135 
] 17 41 59 
l 22 23 
] 17 32 50 
] 26 24 51 
“ 112 198 18 
] 6 40 47 
; 10 20 34 
17 109 101 227 
3 74 119 196 
] 7 35 4 
26 206 315 547 
] 19 50 70 
l 49 111 161 
12 30 42 
6 5 1] 
] 55 29 85 
16 37 +3) 
j 33 68 105 
] 6 27 34 
8 196 357 1 
st 21 30 
5 10 13 
25 61 86 
] 4 19 24 
2 19 16 37 
j 68 14] 213 
] 29 47 77 
22 39 61 
] 15 76 
8 180 429 617 

the transfer of 

effective July 1, 1950 
7 119 94 220) 
4 24 28 
2 15 5 22 
3 86 186 275 
6 59 37 102 
] 65 63 129 
] 16 13 30 
10 19 29 
l 21 48 70 
24 28 52 
o 46 69 118 
] ] 38 40 
25 166 624 1115 
l 19 33 3 
] 19 dd 53 
5 76 175 256 
43 
81 1255 2131 3510 
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It will also be noted from Exhibit A that the Society now The Executive Committee approved the design of men 
has 33% more members than it had on June 30, 1949. Or bership pins, and a plan has been set up for their sale t 
that date we had 25% more members than on June 30, 1948 members 
showing that the Society grew at a faster rate during the The single-sheet application blank adopted last year ha 
1949-50 year. This growth is very encouraging and is a proved a great success, in that it costs less to print, is more 
tribute to the hard work put in by the Sections, as we a convenient to handle by all concerned, and require le 
to a growing awareness by industry of the value of statistical filing space At the same time it enables the applicant t 
quality control methods supply substantially as much information as did the ol 

We have on several occasions acted as an employment two-sheet blank 

earing house between members of the Society and industry Our office this past year has seen continued improvement 

The manual covering relationships between the Sectio in the carrying out of its functions with all of the Section 
nd the office of the Executive Secretary. which was issued f the Society. This has been possible only because of the 
to the Section officers in July 1949, has proved a great help cooperation that we have obtained from them. In addition 
in the administration of the Society. We are now revising thanks are due to Mr. P. B. Proctor, Quality Control Engi 
tnis 1anual so that it will reflect recent amendments to the neer at John Manville and M1: J 5 Herz my taff 
Socicty constitution and so that it will include char pe that assistant because of their unstinti neip i putting ul 
have been indicated as necessary on the basis of experience many hours of their own time on the work of this offic 
during the past year. Other changes are the result of sug Respectfully submitted 
gestions made by Section officers, members of the Board of SIMON COLLIER 
Directors, and the Special Committee on National Office July 17, 1950 Executive Secreta 
It is hoped to have the revised manual ready for distributior . an 
aie to hee paca REPORT OF TREASURER 

During the past year plans were worked out for the sal Appended hereto are Balance Sheet of the Society as of 
of reprints of the article on statistical quality contro] in the June 30, 1950 (Exhibit B), and Statement of Cash Receipt 
December 1949 issue of FORTUNE magazine and of copie and Disbursements of the Seciety for the fiscal year July 
of the National Industrial Conference Board report entitled 1949 through June 30, 1950, inclusive (Exhibit C) 

‘Quality Control Methods and Company Plan Our entire Respectfully submitted 


allotment of this report has been sold to member of the 
Society July 9, 1950 


EXHIBIT B 


ALFRED L. DAVIS 


Roche 


AMERICAN SOCIETY FOR QUALITY CONTROL, INCORPORATED 


Balance Sheet—June 30, 1950 


Assets 
Cash 
Current funds 
On hand for deposit $1,238.04 
Demand deposit 1,465.55 
Time deposit 2,687.08 
Special funds—time deposits 
Shewhart Medal Fund $ 171.25 
Brumbaugh Award Fund 965.07 


Accounts receivable 
Sale of back issues of publications and reprint 
Sale of technical literature and conference pape 


Library ubDscriptions 


Inventories—at nominal amount 
Back issues of publications, reprints and conference paper 


Stationery and supplies 


Liabilities and Surplus 


Accounts payable 


Executive Secretary—for reimbursement of petty disbursement 
For Society pins 
Defei red income 
Membership dues paid in advance 
Estimated unearned portion of library subscriptior 


Reserves 
For Shewhart Medal Fund 
For Brumbaugh Award Fund 


Surplus 


SEPTEMBER, 1950 


$8,390.67 


S Zhl.éa 


124.06 

34 yl 

Ss 1.00 
100 

> 18.5) 


> 15.00 
942.50 
> 41.25 
965.07 


te 


I 
Ne 


ré 


assure 


Yor 


Nw 1] 


RH 


1,136 


1,482 


r 


7 


b 


4) 


19) 
7 


KU 








Receipts 
Member: 


EXHIBIT ¢ 


STATEMENT OF CASH RECEIPTS AND DISBURSEMENTS 
AMERICAN SOCIETY FOR QUALITY CONTROL, INCORPORATED 


Year ended June 30, 1950 


CURRENT FUNDS 


I if 
Mermlh« in $ 96 UO 
Regular ‘ 8.103.090 
SEeNnIO! rem ih 9 621.50 
Fellow 908.00 
Over; 19.00 $18,777.50 
Ls ef if 91.00 
Third New Engla Confe é $ 500.00 
Fou Mi ‘ ( fere ‘ 500.00 
Pu t 
Adve in ‘ e of advertisir n May 1950 convention i ie) $ 2,321.50 
Proces ! Mi 1950 ‘ I ed tf Fifth M i ‘ 
( oniere ce 1,146.39 
Library il 1,860.00 
‘ rf ck T 1,289.10 
of Conte Pay ‘ ‘ i $ 1,389.84 
L, é 1,238.47 
Sule | me pir $ 393.00 
Less | il payments made for cost of pins sold 13.88 
Sle i ¢ ‘ l 
Ir té ‘ ‘ ‘ r Cy 
TOTAL RECEIPTS 
Disbursements 
Pp if catior 
Publishis x M 1950 ‘ rT $ 7,035.78 
Publishir ‘ ’ « 867.45 
Re printi back i“ 531.30 
Maili Dp expt ‘ 828.30 
Po re 1,166.54 
Of ‘ ‘ ‘ | ‘ 183.67 
yecretaria 1,158.40 
Adverti ce di illowed 312.19 
| raveiing expe ‘ 325 52 
Miscellaneou 47.4] 
CC I tee i Ne ” 
Pri in ‘ pu i eprint tationery et $s 298.12 
Pp , 13.56 
Misce ine j x} ‘ 17.87 
> 399.55 
La re ed from Sectior 176.48 
Pre eT 
Postage $ 10068 
Offices uppiie 275.06 
Ty ‘ eX 159.45 








$12.686.50 


1,000.00 


6,616.99 


151.37 


349.12 


15.35 


20.44 


$26,839.77 


12,456.56 


183.07 
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Executive Secretary 
Secretarial salaries $ 4,617.40 
Printing and mimeographing 703.75 
1948-1949 Yearbook 911.76 
Postage 193.81 
Office supplies and expens¢ 1,351.41 
Office rent 780.00 
rraveling expense 36.00 $ 8,894.13 


Treasure: 
Sex retarial Salaries > 1,458.60 


Office supplies and expenss 65.77 


3ond premium 5.00 
Bank collection and exchange fe: 9 39 
Traveling expense 174.i4 
Accounting service 195.00 1947.90 


TOTAL DISBURSEMENTS $24,016.85 


CASH RECEIPTS IN EXCESS OF CASH DISBURSEMENTS $ 2,822.92 


Cash on hand and on ieposit at June 30. 1949 96715 


Cash on hand and on de posit at June 30. 195 S 8.390.671 


SPECIAL FUNDS 
Shewhart Medal Fund: 
Rece ipts 
Interest received on bank deposit ¢ »()] 
Disbursements 


Cost of striking 1950 Medal 


CASH DISBURSEMENTS IN EXCESS OF CASH RECEIPTS $ 10.32 


Cash on deposit at June 30, 1949 157 
Cash on aeposit at June 30, 1950 ¢ 171.25 


Brumbaugh Award Fund: 
Receipts 
Interest received on bank deposit ¢ 10.07 
Disbursements 
Cash award to Leonard A. Sede! May 26. 1950) 00 


CASH DISBURSEMENTS IN EXCESS OF CASH RECEIPTS j 


Cash on deposit at June 30, 1949 om) 


Cash on deposit at June 30, 1950 $ 4 j 





REPORT OF AUDITING COMMITTEE transactions, have examined or tested accountiny 
- . . , maintained by the Treasurer of the Society, and ot! 
With the approval of the Executive Committe we re norting evidence an hareinatier cutlioed 


tained Ernst & Ernst, Certified Public Accountants, to audit ~ Cas! t J 


tne books oft the American Society for Quality Control, In + - 
E E 1950 was reconcile vith amount eported to us | Li 
- | 4} us ; ‘ ‘rr ; X. rr t 
Le 1) y this audit and the certificate t Ern r rn . , : 
oe ; . . R cre te! I) i ( lipal We t ice trie ecoraed ( 
we are of the opinion that the accompanying Balance Shee 
ecelp for the fisca ear to dep it hown | hank 
) ment teceipts and Disbursements fairly present 
and Statement of Rec ge wave Di _ pe f | I pe ‘ report Y i¢ if } ecutive het | ‘ i 
) ] ior f +} S ‘ f iT rf 9Q5 r 
the financial position Ol ri€ oc : , June ), 1950 . fi eri { i nti elected |t j ! ipport | 
its recorded casn transactior for the fisc: year ending tnat 
: , ; ret . i I Hee! ect ‘ t¢ nem 
late | 
tale : fue and teste other data or file ipporting ther recorde: 
Auditing Committees - 
i ece ) vv ¢ also il pect ' ele bank ohe 


HOWARD L. BOLTON invoice ind other data it iwport of the recorded 

G. RUPERT GAUSE bursements for the year . 

PAUL A. ROBERT We examined data and checke: omputatior ipport 

JOSEPH SADOWSKI! smounts shown in the balance sheet for ac. 
July 15, 1950 HOWARD L. JONES, Chairn wccounts pavable nd deterred income at June 30. 1950 


yur opinior ased Ipo! our exa nation i outline 
CERTIFICATE OF AUDI ove, the accompanying balance sheet and statement o! 
; 3 , ish receipt ine ispurse! nt preset! lairly the positior 
American Society for Quality Control, Incorporates f American Society for Quality Control, Incorporated at 
We h e examine the bala r ee f Ar ~ f J r 10, 1950 ar ( ( ‘ tio I ‘ 
for Quality Control, Incorporate e 30, 1950 ; Society for the year then « 
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REPORT OF THE EXAMINING COMMITTEE 


Your Examining Committee continued to be quite active 
luring the 1949-50 fiscal year. During this period all applica 
tions for transfer to the Grade of Fellow and all names of 
members of ASQC under consideration because of a sug 
vestion by members of the Examining Committee or by othe: 
members of ASQC were reviewed four tim« As a result 
44 members of ASQC were recommended, or invited to sub- 
mit an application, for transfer to the Grade of Fellow. Of 
these 44 recommendations or invitations, 1] transfers were 
effected as of June 30, 1950. The Committee hopes that each 
of the other 33 member! will submit an application very 
promptly 

Prior to July 1, 1949, 91 members of ASQC were either 
recommenied, or invited to submit an application, for 
transfer to the Grade of Fellow. Of this number, 81 applica 
tior have been received and approved while 10 member 
nave not accet 


pted the invitation 


As of June 30, 1950, therefore, 135 members of ASQC have 


been recommended, or invited to submit an application, for 
transfer to the Grade of Fellow. Of this number the follow- 
ing 92 names have the Grade of Fellow 

Philip L. Alger E. Vernon Lewis 

Stanley C. Amren Wyatt H. Lewi 

A. Griffin Ashcroft Bernard H. Lloyd 


Jame M. Ballowe E. H. MacNiece 
Claudius S. Barrett *Charles L. Matz 
Stephan C. Bat« Edward C. Molina 
Henry J. Becker Morton M. Newcomb 
Oliver P. Beckwith Car! E. Noble 

Arthur Bender, J: toland H. Noel 
Charles A. Bicking Edwin G. Old 
Martin A. Brumbaugh Paul S. Olmstead 


Archie R surge Ellis R. Ott 

Irving W. Burt Guy G. Parkir 

Philip C. Clarke Ellsworth G. D. Paterson 
Paul C. Clifford Andrew I. Peterson 
Alonzo C. Cohen, Jr Kort K. Pfabe 


Phillip B Proctor 
Warren R. Purcell 
Edward A. Reynolk 


Simon Collier 
Richar ! Coolbaugh 
*Allen T. Craig 


Cecil C. Craig A. C. Richmond 
Arthur G. Dalton Paul R. Rider 
Besse B. Day E. H. Robinson 


W. Edwards Deming Harry G. Romig 
Harold F. Dodge Keith E. Ro 
Howard C. Dunklk *Raymond S. Saddor! 
George D. Edward Edward M. Schrock 


Ernest L. Fay Charles R. Scott, J: 
Enock B. Ferrell ‘Leonard A. Seder 
Elwood E. Folsom, J1 Dorian Shainin 
Harold A. Freeman Walter A. Shewhart 
Eugene L. Grant Leslie E. Simon 
Frank E. Grubb Bonnie B. Smal! 
Frederick J. Halton, J1 Jerome H. Steer 
Ralph A. Hefner ‘James V. Strela 
John A. Henry John V. Sturtevant 
Irwin S. Hoffer Albert W. Swan 

Carl E. Hoover Julian H. Toulouse 
Charles J. Hudson Frederick Trowbridge 
*Robert S. Ineli J. Frederick Verigan 


Clifford A. Wallace 
War en E Jom Ralph E Ware ham 
Jo eph M Juran Wade R We avel 
Lester S. Kauffmar Grant Wernimont 
Clifford W. Kennedy Mason E. Wescott 
*Halsey H. Kent Albert E. R. Westman 
Lloyd A. Knowle Samuel S. Wilks 


"Archie R Jack on 


The Examining Committee makes the following recom- 
mendations* to the Executive Committee and to the Board 
of Directors of ASQC 

1. That the Executive Secretary continue to acknowledge 
each application for transfer to the Grade of Fellow and 
transmit it promptly to the Chairman of the Examining 
Committee who is to advise the Executive Secretary of its 
receipt 

2. That the Examining Committee continue the policy of 

laving invitations issued to members to submit applica- 
tions for transfer to the Grade of Fellow 

}. That the Executive Secretary continue to accept applica- 
tions for transfer to the Grade of Fellow 

4. That the Examining Committee continue to review all 
applications for transfer to the Grade of Fellow at least 
two times per fiscal year, one of which is to be in com- 
mittee meeting if at all possible; 

5. That the Examining Committee continue to hold all ap- 
plications not recommended for transfer to the Grade of 
Fellow in open file 

6. That the Examining Committee be authorized to secure 
information directly from a member under consideration 
to aid in its decision: 

7. That the Grade of Fellow be regarded as having been 
attained only after receipt of an official communication to 
that effect by the Executive Secretary or the President 
of ASQC: and 

8. That a complete list of Fellows be printed and distributed 
to the membership each year with an appropriate marking 
for members transferred to the Grade of Fellow since the 
last published list. It is suggested that such list be printed 
in the Yearbook whenever published or in Industrial 
Quality Control 
The Examining Committee makes the following sugges- 

tion to the Executive Committee and to the Board of 

Directors of ASQC 

1. That a member of the Examining Committee, who has 
erved at least one year, be ineligible to succeed himself 
immediately; and 

2. That the Grade of Fellow not be regarded as honorary 
but that it should be regarded an honor to attain it 


The members of your Examining Committee wish to thank 
the Officers, particularly Mr. Ralph E. Wareham, President, 
and Mr. Simon Collier, Executive Secretary, the members of 
the Executive Committee, and the Board of Directors for 
their most excellent cooperation and support during the 
past year. Also thanks are due the many members of ASQC 
fave so graciously of their time in gathering informa- 
tion concerning names under consideration and in submit- 
ting data concerning names for future consideration 

Respectfully submitted, 
MARTIN A. BRUMBAUGH 
CHARLES J. HUDSON 
EDWIN G. OLDS 
PAUL S. OLMSTEAD 


June 30, 1950 LLOYD A. KNOWLER, Chairman 


The recommendatior ind iggestior were adopted in Milwaukee 





NOTICE 


Membe rship lapel badges are now available as follows 


Grade of Badge Price 
Membership 
Member Sterling Silver $1 75 
Senior Member: 10K Gold $3.75 
Fellow 10 K Gold with Sapphire $4.75 


Honorary Member 10 K Gold with Diamond 
All the above prices include Federal Excise Taxes. Badges 
may be purchased only through local Section Secretaries 
except for Members-at-Large who may order badges 
through the Executive Secretary 
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S~LPPLEMENTARY TELLERS REPORT 
1950) Returns 


QUALITY CONTROL COURSE 
FOR THE CHEMICAI 


‘ INDUSTRIES 
When you buy from 


our advertisers, men- 
tion their ads in “IN- 
DUSTRIAL QUAL- 
ITY CONTROL.” 
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AMERICAN SOCIETY NEWS 


MARCH OF PROGRESS—IQ(¢ 


Primary efforts to turn out a spe 


al convention ji if were an out 
tand ny ICcce anda re ilted in a 
definite milestone in the progre ol 
Industrial Quality Control The 


conceived under the 
Martin Brumbaugh 
elected Vice-President of the 
Society, and the first issue 
n July, 1944, was of 
the formation of the 
February 
Magazine Was 


Society by the 


magazine Was 
leadership ol 
published 
16 pages. Upon 
National So- 
1946, the entire 
turned over to the 
Federated Societie 


the continued leadership 


lety in 


and unde 
of Martin Brumbaugh and since 


July 1947 that of Mason Wescott 


it has grown progressive ly to 32 
> 
page as a standard issue 
For the Convention Issue of 116 
pages our Editorial Staff had a tre 
mendous amount of a tance trom 
numerous members of the Mid-West 


Planning Committee In addition to 


if ucct as a pt riodical issue thi 
special issue was a financial succes 
and it thought that members may 
be interested in a brief accounting 
Total Income from Ad- 
vertising ind Othe: 
Sources $6,114.43 


Total Publication and 


Distribution Expens« 1,968.04 


Gre 
The So ety 


Income S$] 146 39 


would have been ul 
financial obligation to publish a 
May issue the cost of which 
follow 


Net Separabl Publish- 
ing Cost $1,052.19 


ne mal 


na been calculated a 


Total Di tribution Co ts 212.79 
Total Expense $1,264.98 
Normal Advertising In 

Corne 301 oD 


Normal Financial Ob! 
gation Ss 
Due to the 
Mid-West 
lorts ol 
olved 


f a notable achievement 


963.43 
agyvressive 
the 


Various 


ideas of the 
groups, 
the 


pe rsonal ef- 
individuals in- 
plus the pride of execution 
the finan- 
al position of the Society was 


improved as foll IWS 


Gross Income 


irom 


Convention Issue $1,146.39 


Normal 
Normal 


Expense tor 


May Issue 963 13 


Net Realization S$? 109.82 
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lo ul capital Yall na heer 
idded a portion of tne anticipated” 
ncrease ! ncome resulting from 
the ne duc structure and the 


basic size of the magazine has been 
increased for the ensuing year to 40 
increases the 


pages minimum. This 


budget for the publications activities 
about 35° 


The Society is indebted to the 
Mid-West 


it outstanding aid in 


Committee fo 


this 


Planning 
making 
landmark possible 
ANNUAL MEETING—1950 
The Fourth Annual Meeting of the 
Society was held in the Milwaukee 
Auditorium, Milwaukee, on Thurs- 


new 


day, June 1, 1950 
President Wareham called the 
meeting to order at 4:10 p.m and 


appointed 
Messrs Carl V 
Section 
Henry J 
Section 
Charles R 
Philip B 
Section 

Ha y G 


Sx ction 


Garrett, Indiana 


Jacobson Chicago 


Kendel, Ohio Section 


Proctor, Metropolitan 
Romig, 


Chair man 


Metropolitan 


to act as the 


for the 


Tellers 
Officers for the 
on Consti- 


Committee ol 
election ol! 
and for vote 


coming yeal 


tutional Amendments 


Secretary Collier re- 


Exe cutive 


ported that 3433 postal ballot had 
been sent out to the membership 
and that 1376 of these had been re- 


him up to the time of the 
The Telle rs 
ballots from the Executive 


at d 


turned to 
received the 
Secretary 
tally 


meeting 


retired to make thei 


The 


President then presented the 


Board of Directors’ report on the 
progre and accomplishments of 
the Society during the 1949-50 fiscal 
year. Reports were also presented 


Secretary and the 


Upon motion duly made 


by the Executive 
Treasure! 
and seconded, all of these reports 
VeTe orde red act epted as submitted 
have been extended to include 
the 
are printed in full in this issue of 
the magazine 

The Tellers 


presented its report on voting on the 


the balance of fiscal year and 


Committee of then 


proposed Constitutional Amend- 


ments as follows 
Dues: Sections 12 


1. Changes in 


13, 21, and 22 


Disqualified due to 
lacement é 

Invalid due to No Marks 
(Blank) 12 

Total Qualified Votes 


(For and Against) 1362 39.7 
Total Ballots 1376 
FOR . 1161 85.2 
AGAINST 201 14.8 
Favorable Sections 41 100.0 


Unfavorable Sections 0 0) 
AMENDMENTS ADOPTED 


2. Changes in Date of Suspension 


of Delinquent Members 
Percent 
No. of Tot 


Disqualified due to de- 


ho 


facement 
Invalid due to No Marks 
(Blank) 17 
Total Qualified Votes 
(For and Against) 


Total Ballots 1376 
FOR 94.2 
AGAINST 79 5.8 
Favorable Sections 41 =100.0 
Unfavorable Sections 0 0 
AMENDMENT ADOPTED 
3. Changes in Dates for Annual 
Meetings: Sections 52, 55, 56, 60.a 
60.c, and 66 


Percent 
No. of Total 
de- 


Disqualified due to 


facement 2 
Invalid due to No Marks 
(Blank) 24 


Total Qualified Votes 
(For and Against) 1350 39.3 
Total Ballots 1376 
FOR 318 97.6 
AGAINST 32 2.4 
Favorable Sections 41 100.0 
Unfavorable Sections 0) 0) 


AMENDMENTS ADOPTED 
1 Changes to Permit Write-In 
Ballots: Sections 57, 58, 59, and 60.d 


Percent 
No. of Total 


Disqualified due to de- 
facement c 

Invalid due to No Marks 
(Blank) 18 

Total Qualified Votes 


(For Against) 


~ 


ana 


Total Ballots 


FOR 1304 96.2 
AGAINST 52 3.8 
Favorable Sections 41 100.0 


Unfavorable Sections 0) 0 


AMENDMENTS ADOPTED 
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5. Changes to Clarify Procedures 
for Adoption of Constitutional 
Amendments: Section 67 

Percent 
No. of Total 
Disqualified due to de- 


facement 2 
Invalid due to No Marks 
(Blank) 20 


Total Qualified Votes 


(For and Against) 1354 39.4 


Total Ballots 1376 
FOR 1342 99.1 
AGAINST 12 0.9 
Favorable Sections 41 100.0 
Unfavorable Sections 0 0 


AMENDMENT ADOPTED 

The Annual Meeting was then 
temporarily adjourned until the 
close of the Society Banquet on 
Thursday evening, at which time 
the Committee of Tellers presented 
the following report on voting for 
Officers for the 1959-51 yea) 


Vote for President 


Wade R. Weaver 1342 

All Others 12 
For Vice President 

Martin A. Brumbaugh 1346 

All Others 9 
For Executive Secretary 

Simon Collie: 1350 

All Others j 
For Treasurer 

Alfred L. Davis 1348 

All Others 6 

The reports of the Committee « 


Tellers were a cepted with than] 


and the committee was discharged 


Messrs. Weaver, Brumbaugh, Col 
lier, and Davis were declared 
elected 


President Wareham then turned 
the gavel and the affairs. of the 
Society to the new President, Wad 


R. Weave! 


PUBLICITY AND PUBLIC 
RELATIONS COMMITTEE 
A very 


d comprehensive report ha 
been issued by this C: 


mmittee, pro- 
‘ ; 


viding practical suggestions and aid 


to Section publicity programs A 
copy has been sent to each Section 
representative on the Committee. [If 
any group needs assistance in th 


offers 


which are 


direction the report ideas, 
based upon experience 
tried and proven. All the Sectior 
are indebted to Cliff Kennedy and 
his Committee 
tained by writing to 
C. W. Kennedy 
Federal Products Corp 
1144 Eddy St 
Providence, R. I 


Copies may be ob- 


SEPTEMBER, 1950 


AKRON-OHIO SUBSECTION 
FORMED 

Assisted by five (5) members of 
the Ohio Section, a new group has 
been formed in Akron, Ohio. With 
an initial membership of 20 members 
the group will be known as the 
AKRON-OHIO SUBSECTION and 
has selected E. E. Ammon of Good- 
year Aircraft as its Chairman. This 
unit will operate as a subsection of 
the Ohio Section. A hearty welcome 
is extended to all the new members 
and a vote of appreciation to our 
old members who contributed to the 
organization of the new group 

1951 CONVENTION 

The 1951 National Convention will 
be held in Cleveland at the Cleve- 
land Public Auditorium. Due to a 
conflict in dates it has been neces- 
sary to alter slightly the already 
announced dates and the Convention 
is now scheduled for May 23rd and 
May 24th. A program of broad in- 
terest has already been prepared 
Make your 
Cleveland and assist in building 
TODAY’S FOUNDATION FOR TO- 
MORROW’S REPUTATION 

COMMITTEE APPOINTMENTS 

(a) Harold F. Dodge 
of the Standards Committee an- 
nounces the appointment of Irving 
W. Burr. Professor of Mathematics 
at Purdue replacing S. 5S. Wilks 


who asked to be relieved of service 


plans now to go to 


Chairman 


due to the press of other business 


(b) Terms of service of members 
of the Brumbaugh Award Commit- 
tee are four (4) years with two (2) 


members retiring each year. C. S 
Zarrett of Chicago and Parker D 
Deans of Richmond, Va., are retir- 


ing this year. Chairman’ Halsey H 
Kent announces the appointment of 
L. A. Seder, Gillette Safety Razor 
C»., Boston, and C. E. Stines, Na 


tional Cash Register Co., Dayton 


new members of this Committee 


(c) Lloyd A Knowle Chairn an 
the Examining Committee an- 


inces the appoint 


ment for a five 
(5) year term beginning July 1 
1950. of Wyatt H. Lewi 
Electric Co., Ontario, California, re- 
placing Paul S. Olmstead of Murray 
Hill, New Jersey, who retiring 
according to rotation plan. The So- 
ciety is indebted to Paul for hi 


everal years of devoted service 


Gen ral 


(d) The recently established 
Automotive Technical Committee i 
composed of the following: Chai: 
man. R. D. Long, International Ha: 
veste! Fort Wayne, Ind Vice- 


Get the 


Maximum 
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Per Unit Cost 
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Surveys 





Some Theory of 


SAMPLING 


by 


W. EDWARDS DEMING 


Ba ‘ i Moa 
Gradua / ii New York 
ly , 

Designed for both highly-trained 
and non-mathematical reader Son 


The ry f Sampliy present up-t 
{ F 


{ te que n 41 ! 
I i¢ { i d ie isul 
ment of physi cl iclcrist of 
manufactured and bulk mate il 
Many Industrial Applications 
The author ha lustrated his text 
with oumer | { j 
Na uni k from il 
experience The { foal 
hook | prol 
\ 


1. Specifying the precision to be aimed 
at and the biases to be evaluated 

2. Designing the sample mathematical 
ly to achieve the desired precision 
at the lowest cost 

3. Appraising the results after the sur 
vey has been finished to see what 
they mean and how the next survey 
can be improved 


CONTENTS 


1950 602 pages $9 00 


EXAMINE BOOK FOR 10 DAYS 








ON APPROVAL coupon 
JOHN WILEY G SONS INC 
Dept. 1QC-9-50 
440 Fourth Ave.. New York 16. N.Y 
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Chairman, S. C. Starnaman, Olds- 
mobile, Detroit, Michigan: Secretary, 
W. H. Smith, Ford Motor, Detroit 
Michigan. This Committee has a 
sizeable job confronting it and will 
appreciate suggestions from all in- 
terested parties 

(e) The Executive Committee, at 
its June 2, 1950 meeting authorized 
the formation of an Aircraft Tech- 
nical Committee and named Dorian 
Shainin, Hamilton Standard Divi- 
sion of United Aircraft, Hartford, 
Conn., as its Chairman. Mr. John 
G. Rutherford, Glenn L. Martin Co 
Baltimore, has agreed to serve as 
Vice-Chairman and additional ap- 
pointments will be made as the plans 
of this committee progress 

(f) A debt of outstanding grati- 
tude is due Philip L. Alger of the 
General Electric Co., retiring Chair- 
man of the Shewhart Medal Com- 
mittee. With the assistance of many 
from his wide acquaintance, Mi: 
Alger formulated and activated the 
Committee raised the necessary 
funds to underwrite the Medal, ar- 
ranged for the designing and cast- 
ing of the first medals, and guided 
the Committee in its selection of the 
first two medalists. It is with sin- 
cere appreciation for a magnificent 
job that the Society herewith ex- 
presses its appreciation to M: Alget 

Warren R. Purcell,’ Sylvania 
Electric Products, Salem, Mass., has 
accepted the appointment as Chair- 
man of the Committee, replacing 
Mr. Alger 
Also retiring this year are 

Charles A. Bicking of Wilmington 
Delaware and Ernest L. Fay of 
Moline Illinois according to the 
three-(3)-year rotation plan of the 
Committee. Accepting new appoint- 
ments are Lloyd A. Knowler, State 
University of Iowa, and Brig. Gen 
Leslie E. Simon, Department of the 
Army, Washington, D. C 

(zg) As observant readers of this 
issue of Industrial Quality Control 
have noted, the Editorial Board has 
been expanded by the addition of 
the following: Eugene L. Grant 
Stanford University, California, and 
Frank E. Grubbs, Aberdeen Proving 
Ground, Maryland. A rotation plan 
with three (3) members retiring each 
year, as recommended by the Edi- 
torial Board Report, will shortly be 
set up 

(h) Dr. Julian T. Toulouse, 
Owens-Illinois Glass Company, To- 
ledo, Ohio, and Secretary-Treasure: 
of the Toledo Section, has been ap- 
pointed General Chairman of the 
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Committee on Relations with Other 
Technical Societies. Your President 
has served in this capacity for the 
last two (2) years and it is with 
‘onsiderable confidence that he 
turns over this task to Dr. Toulouse 
The problems of properly formulat- 
ing and administering the National 
policies on this very important sub- 
ject are assuming considerable sig- 
nificance with the rapid expansion 
of Quality Control techniques in 
nearly every phase of Engineering. 
It is vital that the Society have far- 
sighted policies and programs de- 
signed to strengthen the Society and 
its Sections in all of their technical 
relationships. Dr. Toulouse will wel- 
come suggestions along the above 
lines 

The Society wishes to express its 
appreciation to those retiring Com- 
mittee members for their loyal serv- 
ice and to welcome the new ap- 


pointees 


CONSULTING SERVICES 


Responsibility of the American Society for 
(Quality Control, Inc., for Consulting Services 
advertising 1s limited to certification that ad 
vertisers hold the grade of membership in the 
Society stated in their advertisements. Qual 
ication requirements for the several grad 

of membership are set forth in the Constitu 
tion of the Society 
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POSITION WANTED j 
QUALITY CONTROL ENGINEER 
14 years industrial experience in 
this field, including 5 years textile, 
5 years mass-produced precision 
metal products, 4 years instrument 
manufacture. Graduate chemical en- 
gineer from Rensselaer Polytechnic 
Institute. Age: 35. Have success- 
fully organized and headed depart- 
ments up to 450 employees. Write 
to 6B1, American Society for Qual- 


ity Control, 22 East 40th St., New 
York 16, N. Y 


QUALITY CONTROL ENGINEER 
desires position supervising SQC in- 
stallations and correlating applica- 
tions and results with inspection, 
production, engineering and _ sales 
departments. Experience: 4 years 
field engineer for coordination with 
customer engineers; 4 years Lt. 
Cmdr. in Navy inspection adminis- 
tration; 2 years G.E. test course. 
Education: BSEE MIT; also statisti- 
cal quality control, inspection con- 
trol, engineering statistics, account- 
ing and work simplification methods 
at Columbia University. Write to 
6B2, American Society for Quality 
Control, 22 East 40th St.. New York 
16, N. Y 


REGISTERED mechanical and elec- 
trical engineer. Member of ASME, 
ASA, ASQC, and IMS. Unusual 
ability in planning and analyzing re- 
search, process control and inspec- 
tion problems. Skilled in application 
of statistical methods. Can instruct 
and supervise staff. Seeks position 
providing scope for statistical ability 
and interest. Qualified for execu- 
tive or staff responsibility in re- 
search, manufacturing and inspection 
divisions. Write to 6B3, American 
Society for Quality Control, 22 East 
40th St... New York 16, N. Y 


IOWA BASIC SQC COURSE 

A ten-day intensive training 
course in Quality Control by Statis- 
tical Methods will be offered by The 
State University of Iowa at Iowa 
City, October 3l1—November 10, 
1950. This will be an introductory 
(not an advanced) course which will 
follow the same general pattern of 
previous introductory courses 

Instruction will be by lecture 
demonstration, laboratory work, and 
evening question and problem dis- 
cussion sessions, with the emphasis 
on practical interpretation through- 
out 

The tuition fee of $100 per person 
includes all necessary instructional 
materials. Room accommodations 
will be available at the Jefferson 
Hotel in lowa City. Make room 
reservations directly with the hotel 
Further inquiries concerning this 
course should be addressed to: Pro- 
fessor Lloyd A. Knowler, Chairman. 
Department of Mathematics, The 
State University of lowa, Iowa City 
lowa. 
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i ds on Sheffield 
checking of connecting ro 
we here + one of our leading automotive plants. 


GAGES + MEASURING 


ONLY THE BEST GAGES 
ARE GOOD ENOUGH 
FOR QUALITY CONTROL! 


ts of present 

Control charts compare prong aa — 
sercgphtig i pana ecg Tease the 
ae “rs the very best are good enough for 
agg A Without truly or. nao 
° vality control is but a 
*~ jy rei drvone they gota 
oa prea operators are provided wit Pe 
saat tal ting gages to show them where Y 
a nina” This is just as true in Receiving " 
ail tainilieneell for spot check and fu 
nm > 
% oot find “h’s Wise and Thrifty to Specify 

ni - es and measuring instruments for 
0 og ue sens inspection. Because of its 
aan wide ‘danni Sheffield has been = 
pent ‘headavorters for single and multiple 
a - emi and fully automatic gaging 
cana This wealth of experience is yours 
i. ae upon—no obligation. 
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INCOMPARABLE VISUAL GAGES 


Amplifications from 500 to 10,000 
lol + Infinite variety of anvils, 
accessories and thread checkin 


equipment . Most durable and 
trouble-free 





comparator ever made. (ae 





1M, 2M, 5M. 10M; 20M, and 
40M amplifications . 1, 2, 3, 4, 
or 5 columns . Greatest linear 
scale range « An Unsurpassed 
experience in developing internal 
and external air baging equipment 
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STURDY DIAL SNAP 


This is the workhorse of dial 
indicator snap gages + Available 
in 12 models covering 1” to 12” 
range + Each adjustable for one 
inch +» Used Manually or in a stand. 





DEAD-STOP DIAL PRECISIONAIRE 


Built to “take it” 
withstands abuse . Indicates “gn 

@ nose” . Lightning - Quick 
dead- stop indicator action . Ad- 
vanced type adjustable dial with 
accurate even. Spaced linear scale 


+ Ruggedly 









FAMOUS COLUMN PRECISIONAIRES 


5544 
Write for catalogs. 
rite 
Dayton L Ohio, U.S. A. 
Ls 
THREADING TOO 
ACHINE TOOLS + CONTRACT SERVICES + 
M 
INSTRUMENTS + 

















When you use 
FEDERAL Dial Indicators! 


Why are more FEDERAL Dial Indicators purchased than all 
other makes? Because they give more for the money. Whether 
it’s long service you want, or top accuracy, or rugged de- 
pendability, or ease of repair, you get it in a FEDERAL Dial 
Indicator and at the lowest over-all cost. See the 
reasons why FEDERAL is the outstanding leader in Dial 
Indicator sales. 
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balanced hand 
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FINE ADJUSTMENT 
FOR PERFECT MESH 
OF RACK AND 
RACK GEAR 











Write for Federal Catalog 49—the full story on the most 
complete line of all types of Dial Indicators Federal 


Products Corporation, 1159 Eddy St., Providence 1, R. I. 


LEADERS IN DIMENSIC 
CONTROL FOR IN 












